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PREFACE 

T T is hoped that this volume will take its place 
-■• among others in a series of books on business, 
and therefore it is not written in the technical 
language of a scientific treatise. It is designed 
rather for the use of busy men, and for the informa- 
tion of the casual reader who may happen to take 
any sort of interest in engineering — for this is a 
subject of many-sided interest. 

It seemed necessary at the outset to consider what 
engineering really is ; and its true character is dis- 
cussed in the first chapter along with the records of 
its origin in this country as a civil profession. 

Its progress is very briefly sketched in the first 
three chapters, and the incidents here recorded have 
been taken mainly from such historic sources as are 
open to all men, while a few have been given from 
the Author's own recollections and experiences. 

In the writing of the next three chapters the 
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viii CIVIL ENGINEERING 

object has been to describe the ordinary occupations 
of a civil engineer — what he finds to do in the field, 
or the drawing-office, or a Parliamentary Committee- 
room — and to say something about his professional 
duties in the various positions that he may be called 
upon to fill : all of which, it is hoped, may be useful 
to the student who is preparing to enter the pro- 
fession, and may also be of some interest to the 
educationist 

The seventh chapter speaks of the intimate rela- 
tions between science and engineering. And here, 
perhaps, an apology is due for attempting to discuss 
some matters of elementary science in the plain 
language of business. But almost everyone is now 
a user of power, and business men are all more or 
less interested in the conservation of energy. The 
language seemed to fit the subject well enough, and 
it sacrifices nothing on the score of accuracy. 

The very difficult subject of education is discussed 
at some length in the next chapter. Some of the 
necessary subjects of study in the education of an 
engineer had just before been indicated, when the 
practical uses of science in engineering were con- 
sidered in chapter vii. ; but the education of a civil 
engineer n^st also have reference to those wider 




PREFACE ix 

duties and responsibilities which have been described 
in the earlier portions of this book. 

Chapter ix. contains a few concluding remarks 
upon the present outlook, as it appears from several 
points of view — commercial, professional, and edu- 
cational. 

My acknowledgments are due to many authors 
and eminent engineers — to Macaulay, Birch, and 
Smiles for the record of many historic facts, while 
the later papers and works of Sir B. Baker, Mr. J. 
Mansergh, Sir W. White, Sir E. Leader Williams, 
Sir Douglas Fox, Prof Kennedy, and many others, 
have furnished examples of modern engineering. 

T. C. F. 
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CHAPTER I 

THE ORIGIN OF CIVIL ENGINEERING 

IN BRITAIN 

AMONG the great works of construction whose 
- remains have come down to us from Roman 
or still earlier times, there are many which we rightly 
regard as monuments of engineering skill. In such 
words we commonly speak of them, and we therefore 
think of engineering as one of the oldest of the arts, 
distinguishable in some way from the rest, and hav- 
ing its true origin far back in the very beginnings of 
civilisation. 

For the present, however, we shall be chiefly inter- 
ested in the civil engineer as we have come to know 
him more lately in our own country; and in this 
little volume it will be our object to discover, if we 
can, the true character of his work and its influence 
upon the world — ^his position in the industrial life of 
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2 CIVIL ENGINEERING 

our community, and his past or present relations with 
science, art, law, or business. 

In discussing these matters, we need not go back 
to a remote antiquity in any hope of finding a con- 
tinuous line of historic development. Engineering 
had lived many centuries ago, and among other 
civilised nations ; but we have to consider its origin 
or its renaissance in England at a much later period, 
and its gradual advance to the place which it now 
occupies. Many of us, indeed, can easily remember 
the time when it seemed to stand in a very isolated 
position among the recognised occupations of English 
life. It did not fall into line with the old arts, crafts, 
and trades, nor take its place naturally among the 
"learned professions," as they had hitherto been 
known to society. 

All these arts, trades, and professions had come 
down through a long line of descent, retaining many 
of their mediaeval traditions, and they are easily 
recognised in the familiar characters of historic litera- 
ture. But engineering as a civil profession could 
boast of no such ancestry, and we can scarcely find 
in English literature any trace of its existence until 
the beginning of the nineteenth century or there- 
about 

At some such date the civil engineer seems to have 
made his appearance as a new-comer amongst the 
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people of old England, standing very much in need 
of an introduction to such respectable company. 
For ^ome years onward people could hardly tell 
wl^at to make of him or his business — what he pro- 
posed to do for an honest living, or why he should be 
there at all. It was not easy to understand his 
newly-assumed title, though it might, perhaps, be 
surmised that an engineer must have something to 
do with engines — and even to-day it is possible that 
the minds of some people do not travel much farther 
than this in trying to imagine what can be the occu- 
pations of an engineer. 

It is to be remembered, however, that the word 
"engineer" (without the prefix) had for many centuries 
been connected with certain military operations, and 
the records of ancient warfare give us some early 
indications of the man, his methods, and his work. 
Certainly he had something to do with engines, and 
they were engines of war. Long ago he had made 
the battering-rams and the catapults that were used 
by Roman generals for the attack upon fortified 
cities ; and he had devised the boat-bridges for the 
crossing of wide rivers by their invading armies. 

Already we can gather that he was always a man 
of some original resource, setting about things in his 
own way and in a certain deliberate fashion. The 
gallantry of the Roman soldier was good enough for 
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anything, but it was powerless to effect a breach in 
massive stone walls, and the engineer would not be 
likely to have much faith in a blind waste of energy. 
Recognising the nature of the task that lay before 
him, he set himself quietly to study the adaptation 
of more suitable means to the end, and he knew that 
when his engines were made ready they would effect 
more in a week than the Roman soldiers could 
accomplish in many months. 

Again, at a much later date we find him in this 
country devising artillery of another sort, casting 
guns of brass and of iron in the time of Queen 
Elizabeth — ^to say nothing of the leather guns which 
are said to have been used in the siege of Donning- 
ton Castle. 

Or, again, we meet with him as the engineer-officer 
laying out lines of fortification — planning bastion 
and fosse and casemate. 

In mediaeval times the military engineer can al- 
ways be distinguished from the armourer — a man of 
wonderful skill in the twisting of chain-mail and the 
tempering of sword-blades. This clever artisan must 
have possessed technical knowledge of a high order, 
but his methods were always those which he had 
learned in his apprenticeship, and his weapons were 
made to a standard pattern. It was not in that way 
that the engineer could hope to attain his object. 
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Every new work, whether planned for attack or 
defence, would be certain to present a new problem. 
He must study the local features and all the new 
conditions of the problem on the spot ; and in each 
case he must select or devise the special means that 
were best suited to the attainment of his end. If 
a well-tried plan seemed to be the best, he would 
adopt it, and if not he must throw it aside and boldly 
try to devise a better one. Thus we find that his 
designs were often undergoing change and improve- 
ment — ^he could not be content with smooth-bore 
guns when he had found the way to make better 
ones, with a longer range, a lower trajectory, and 
a greater muzzle-velocity. 

But all through the Middle Ages this man's in- 
valuable faculties of mind had seldom been directed 
to anything better than the destructive operations of 
war, and his triumphs were short-lived. Of course 
his inventions were soon taken up by the enemy and 
turned against himself, and it was inevitable that 
he should presently find himself " hoist with his own 
petard." 

When Shakespeare wrote these words he was 
surely giving us a warning that would apply through 
all time to the warfare of Man with Man. 

But victories of a more lasting kind had already 
been won, when men had joined in waging against 
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Nature that beneficent Warfare which is the appointed 
lot of humanity upon this earth. 

The splendid bridges, roads, and aqueducts built 
by the Roman emperors, and at least some of their 
harbours, had remained through the centuries as a 
permanent conquest for humanity, and a permanent 
addition to the real wealth of the people all over 
the Empire. And it was in such works of construc- 
tion that the engineer had received his best training. 
Here his skill had been matched against the great 
forces of Nature, and he had learned to avoid the 
mistake of underrating his adversaries. He could 
never reckon upon finding them asleep, and they 
often delivered an attack in some unexpected direc- 
tion — collapsing his arches, undermining his founda- 
tions, or sweeping away his breakwaters — unless he 
had foreseen each line of attack and duly fortified 
his position. In such encounters he had gained a 
great deal of experience, and success had given him 
faith in his resources. Estimating carefully the true 
magnitude of his difficulties, and studying always the 
adaptation of means to his end, he had acquired a 
steady confidence in the calculable results of rational 
methods. 

Coming down to nearly the end of the eighteenth 
century, we shall better understand the situation if 
we consider for a moment how such works of con- 
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struction had hitherto been initiated. In old Rome 
they had been taken in hand by the State, and in 
this matter the Roman emperors had apparently 
followed the example of older civilisations. Thus we 
learn, from Dr. Birch's translation of the inscription 
of Una, how docks were built or excavated upon the 
Nile to facilitate the transport of stone for certain 
pyramids in Egypt, and apparently to get over the 
difficulty of loading or unloading the barges at times 
of low water in the river. The inscription was written 
by the " superintendent of the docks '* (probably the 
chief engineer), and he is careful to tell us, again and 
again, that in building them he did everything under 
the commands of his divine majesty, the King Merenra 
— a king of the Sixth Dynasty. 

Now the men who had carried out these works of 
construction could not properly be called civil en- 
gineers : they were Government officers acting on 
behalf of Pharaoh or emperor or Pontifex Maximus.^ 

At the same time we should remember that, in our 
own country. Government had hitherto done very 
little in that way, and the country was in what we 
should now call a deplorable condition. For the 
English Government, more than any other in Western 



^ The title of Chief Bridge-builder belonged to the Roman emperors 
before it was used by the Popes. Its significance is somewhat doubt- 
ful. 
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Europe, had followed the plan of leaving its subjects 
to mind their own business. And perhaps the Govern- 
ment was right — it was^ indeed, the business of the 
people. 

The new title, therefore, or the pld title with a new 
prefix, placed engineering in the new position of a 
civil profession ; but it had also another meaning. 
The profession set before itself a new aim and object 
which had not been contemplated by the military 
engineer : it had come to do something for the needs 
of a civil community — to build up and not to 
destroy. 

If it began to exist as a recognised profession at 
some time near the end of the eighteenth century, 
it celebrated its coming of Jage exactly in the year 
1828 A.D., when the Institution of Civil Engineers 
was founded under the Royal Charter of King 
George IV. 

On this important occasion it was necessary to 
define in precise terms what civil engineering was 
or intended to be, to explain its position among men 
and the nature of its programme ; and all this is now 
duly set forth in the terms of the Royal Charter, and 
proclaimed to all whom it may concern. 

The Charter declares that the institution is founded 
to promote the acquisition of a particular species of 
knowledge, so that the institution itself is obviously^ 
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a scientific one. But the civil engineer does not 
exist merely for the acquisition of knowledge, nor 
only for its extension and diffusion : he has something 
else to do in the world, and his functions are defined 
in the notable words which immediately follow in 
the Charter — they are to ^^Adapty Convert, and Apply 
the Great Sources of Power in Nature to the Use and 
Convenience of Man^ 

In these remarkable terms, framed probably by 
Thomas Telford, who was the first President of the 
institution, the civil engineers issued their prospectus 
to the world. We must presently consider how far 
the programme has been carried out, but just now 
we should look at the prospectus itself. In the first 
place we cannot help observing that it has very little 
to say about engines or machinery ; and the omission 
is all the more remarkable because many people have 
entertained a certain implicit belief in the virtues of 
machinery. Evidently Archimedes must have thought 
a great deal of his Lever. However, he did not say 
that it would move the world ; what he did say was 
exactly this : " Give me a fulcrum and I will move 
the world." He knew very well that the lever was 
powerless to do anything, and the mighty task was 
to be wrought by him — the man Archimedes, standing 
not more than six feet in his stockings. 

And of course it is the same with all the other 
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mechanical appliances — the wheel and axle, the 
pulley, the wedge, the screw, and the rest of 
them. The old schoolmaster spoke of them as the 
"mechanical powers,'* but they were not powers at 
all — mere bits of shaped metal and wood with no 
more of life or power in them than any other pieces 
of dead matter. All that you can properly say of 
them is that they are just so many tools which you 
can put into the hands of Roman slave or British 
freeman ; and in either case it is the man who will 
have to do the work, with such poor overtaxed 
muscular effort as he may be able to bring to the 
task. 

Perhaps the civil engineers have, in some sense, 
gone nearer to moving the world than Archimedes 
had done ; but our text shows that they did not hope 
to do it by the mere employment of any such dead 
mechanism. 

Industry could only drag painfully along, so long 
as it was left to the slow drudgery of manual labour, 
and the use of mechanical appliances would not help 
the matter very much. What was wanted was more 
power for the work of the worlds and the engineers 
looked for it in the "great sources of power in 
Nature." 

We may notice in passing that one of these had 
recently been set to work by James Watt in the 
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steam engine, and yet our text makes no mention of 
the steam engine nor of the water-wheel. 

But was the steam engine itself only another piece 
of mechanism — just a tool and nothing more ? Cer- 
tainly nothing else so far as its outward and visible 
mechanism was concerned, but it differed from the 
other appliances in one essential particular — the tool 
was meant for the use of an invisible giant, or it was 
a tool with the giant behind it Many people could 
see and admire the machine and yet fail to catch any 
glimpse of the invisible worker,^ but the engineers 
had measured his capabilities. He was one of their 
sources of power, and could be reckoned upon to get 
through more work in a day than would be accom- 
plished by many thousands of slaves driven ever so 
hardly. The boiler and the engine were only a 
means of " converting " and " applying " the power of 
heat, and only one of several possible means (such 
as the later gas engine). Our programme, therefore, 
mentions the conversion and application of this 
source of power without speaking of subsidiary 
mechanism. 

Let us consider next the ultimate objects which 
are kept in view in this programme. The Roman 
emperors had catered liberally for the pleasures and 

^ Even John Stuart Mill speaks of the steam engine as a '' tool," 
and apparently as a tool for the use of man. 
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luxuries of the Roman citizen ; but the " Use and 
Convenience of Man" are words of quite different 
meaning. They suggest that the aim of these men 
was rather to meet the actual requirements of every- 
day life, not in the amphitheatre, but in quiet 
English homes — to alleviate the wearing toil of 
humanity and add something to its comforts. For 
all such purposes the definition is as comprehensive 
as it can be. It is more than wide enough to cover 
all the material needs of life, for it would embrace 
all such arts as printing, and includes, indeed, every- 
thing that can be done for mankind by stuh agencies 
as are specified in the programme — the sources of 
power in Nature. 

And if you only have the power at your command 
you can accomplish much. Give it fingers and it 
will do for you almost anything that you can ask — 
it will hew the wood and draw the water, or it will 
turn the spinning-wheel and weave the cloth, or it 
will plough the fields and reap the crop and carry 
the grain to market If it could render such services 
they would be enough to revolutionise the old condi- 
tions of life, and the engineers seemed to think that 
it could do all this and a great deal more. 

When such proposals were first put into concrete 
form it was inevitable that people should look at 
them with mistrust, r^arding them as visionary 
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schemes; but in truth the prospectus is a remark- 
ably sober one, for the means were certainly ade-^ 
quate to the end, and it could only be a question of 
intelligent and successful adaptation. If the sources 
of power could only be put into harness there was 
very little more to be done. 

The part which is allotted to the civil engineer in 
this programme is, therefore, a subsidiary one, and it 
is described in terms that will give us a good insight 
into the true character of engineering. His func- 
tion is to ^^ Adapt y Convert ^ and Apply ^^ the gres^t 
sources of power in Nature to the use and con- 
venience of man. 

We notice at once that he does not here appear in 
the character of a wonder-worker. His purposes are 
to be attained in a perfectly natural way — there is 
no magic about them. He does not profess to " call 
spirits from the vasty deep," but declares plainly that 
his sources of power are to be found in Nature. 

It follows, of course, that he does not pretend to 
create energy ^ nor indulge in dreams of upsetting the 
physical order of the universe by his inventions. 
He finds an abundant store of energy laid up by 
Nature in the coal measures, and a perennial source 
of power in that ever-recurring cycle which brings 
the rainfall to the rivers and the rivers to the sea, 
and carries back the vapour to the mountain-tops. 
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Taking these gifts of Nature, he proposes here to 
use them for the benefit of man, converting and 
applying them by such mechanical (or electrical) 
instruments as he may be able to devise or employ. 

The simple wording of the definition, as above 
quoted, is certainly wide enough to include all those 
important mechanical inventions which have so 
greatly moved the world since the eighteenth 
century, and describes correctly the true essence of 
every one of them ; and this will become more 
clearly manifest when we come to consider them 
one after another. It is a little remarkable, however, 
that the Charter of this body of inventors does not 
anywhere contain the word invention, and there may 
be a reason for this omission. 

It is already pretty clear that almost every feature 
in the steam engine is an invention for the " conver- 
sion *' of heat into mechanical power, and therefore 
the finding out of all such inventions is included as 
a part of their programme. Perhaps every useful 
invention may be described as the intelligent adapta- 
tion of special means to a useful end (as in the lan- 
guage of the Charter). What else, indeed, can it be ? 
But we have seen many "inventions" of another 
sort — some that have had no useful end, and others 
that have sought to attain their ends without any 
intelligible means. These are among the vain inven- 
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tion3 that have come to nought, and they were not 
to be included. 

Or, again, the word, in its popular acceptation, 
may convey another meaning which these men did 
not wish, perhaps, to convey. Some people have 
spoken of " invention " as though it were a kind of 
magic, taking everybody by surprise — the unexpected 
advent of some totally new idea from the outside, 
without any conscious application of rational method 
on the part of the designer, any clear recognition of 
the goal, or any purposeful study of ends to be 
attained and means to be employed. It was cer- 
tainly not by any such process that the separate 
condenser or the governor was invented by James 
Watt, or the link motion by Stephenson. 

Inventions like these have not been hit upon by 
chance or by any tentative guess-work ; their features 
show plainly enough that they owe their origin to 
downright straight thinking with a definite purpose 
before it When the inventor was so deeply en- 
grossed in his problem, he was not wandering idly 
in dreamland, but wide-awake and pressing hard in 
pursuit of his object by one path or another. 

It has happened, however, more than once that 
something which looks like accident has revealed to 
him an alternative path that might be tried, as it did 
in the case of the blast-pipe, and the word invention 
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is sometimes applied to such incidental discoveries as 
this. But they have been exceptional incidents, and 
the pioneers of engineering could not include them 
by anticipation in their programme. They could see 
their great task clearly before them ; the work was 
everywhere waiting to be done, and Nature's gift of 
power was waiting to be used for the work. In 
trying their best to apply it, they seem to have 
entered upon their task in the spirit of the earnest 
student, who does not expect to get his problems 
worked out for him by the master, nor to find the 
answer written up already by accident The school 
of humanity would not make progress in that way. 
But each scholar possessed already those faculties of 
the human intellect which are themselves only a 
faint reflection of the master Mind, and which find 
their most delightful exercise in working at such 
problems of construction. 

It is on such lines that the engineers have worked ; 
and the Charter shows also that they foresaw the 
details of the task that lay before them. The pro- 
gramme goes on with a provisional list, whose items 
have now become quite familiar to us, although at 
the time they were among the things that were still 
ahead. The sources of power are to be directed 
" as the means of production and of traffic in states, 
both for external and internal trade," " as applied in 
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the construction of roads, bridges, aqueducts, canals, 
river navigation and docks, for internal intercourse 
and exchange, and in the construction of ports, 
harbours, moles, breakwaters, and lighthouses, and in 
the art of navigation by artificial power for the pur- 
poses of commerce, and in the construction and 
adaptation of machinery, and in the drainage of 
cities and towns." 

The list was, at all events, quite enough to begin 
upon ; and in the next chapter we may follow their 
progress as they began to convert and apply the 
great sources of power in Nature ; but first there is 
one other question to be asked, and it is an important 
one. 

These men could do nothing alone, and their 
projects must all come to nothing unless they were 
taken up, either by the State or by some great com- 
bination of private individuals such as would furnish 
the financial means for the execution of the works. 

When engineering began as a civil profession it 
certainly could not hope for much support from the 
British or any other government — its sole patron in 
this country must be the British public. 

Had these engineers been reckoning without their 
host ? Their proposed work was indeed the business 
of the people, but could it be expected that the 
people would take it up ? The capitalist generally 
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sows to reap, and engineering projects are the longest 
of long farming. The harvest was not to be looked 
for in a few months, and could never be gathered at 
all except by a people who had the daring to start 
upon such work with a patient and strong faith in 
its ultimate results. 

However, British enterprise was not likely to fail 
at this point Events have shown that these civil 
engineers had started their operations in the right 
country. 
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CHAPTER II 
THE PROGRESS OF BRITISH feNGINEERING 

\ T r E have lived through so many changes lately 
^ ^ that the earlier ones are apt to be forgotten. 
Of course we remember that there was a time when 
the English people did not ride upon motor-cars, 
and a still older timie when they did not even travel 
by express trains. Some of us have still a fading 
remembrance of the old coaching days, and everyone 
has read the journey of Nicholas Nickleby from 
London to Yorkshire, but our thoughts do not often 
go back any farther than that. When the immortal 
story was written the fast coaches must have been 
as new as the railways are now; but it tells us 
nothing about travelling in the days that had gone 
before, and ^Aose times have faded into the dim past 
as completely as the tinges of Julius Caesar. 

To form any just idea of what has been done by 
engineering in Britain, we must compare the present 
condition of the country with what it was in the 
middle of the eighteenth century, or a few years 

19 
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later — and down to that time things had remained 
for many centuries without much alteration. The 
old Roman roads had been used all through the age 
of chivalry without improving or extending them 
very much, for it seems to have been no one's business 
to think of such matters. But something had certainly 
been done before the beginning of the nineteenth 
century to provide better lines of communication. 
Brindley had been making canals for the Duke of 
Bridgewater, and the public highways l^ad been 
improved in some parts of the country. 

Down to 1740, or later, the roads were nearly as 
bad in the great towns as they were in the country. 
Lord Hervey, who was then living in Kensington, 
writes that between that village and London "the 
roads are so bad that we live here in the same 
solitude as if cast on a rock in the middle of the 
ocean; and the Londoners tell us that there is 
between them and us an impassible gulf of mud." 
And if the description is more picturesque than 
accurate, we can still detect in it a substratum of 
truth. 

In the streets of London itself it is said that the 
ruts made it unsafe to travel in wheeled vehicles, and 
they were not commonly used. When Prince George 
of Denmark paid a state visit to Petworth, in wet 
weather, he was six hours in driving over nine miles. 
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and a number of men had to walk on each side of his 
coach to keep it upright. Of the carriages which con- 
veyed his retinue several were upset on the journey, 
and one of the party complained that during fourteen 
hours he never once alighted except when his coach 
was overturned. 

In country districts the roads are described as form- 
ing a narrow hollow way, little wider than a ditch, 
barely allowing the passage of a waggon drawn by 
horses in single file. This deeply-worn channel was 
sometimes flanked by an elevated causeway covered 
with boulder-stones, along which the local traffic was 
carried on the backs of single horses. 

Facts like these, which stand recorded in Macaulay's 
History of England, are enough to show how every 
kind of industry was fettered by the difficulties of 
transport. Coal-mines could hardly be worked unless 
they were situated within a few miles of some sea- 
port or navigable river, and the total output over the 
whole kingdom was not more than five or six millions 
of tons per annum. The cost of road transport by 
pack-horse was about 2s, 6d, per ton per mile, enough 
to prohibit the use of coal entirely in all inland towns 
at any distance from the coal-pits ; and in the same 
way it was practically impossible to convey any heavy 
goods to the consumer unless he lived within a few 
miles of the source of production. Of course, business 
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was done very slowly, like everything else, for the 
pack-horse governed the pace, and it Would often 
take weeks or months to get any news of what was 
going on at another part of the country. 

From this helpless, paralysed condition, industry 
was first rescued by the construction of highways and 
canals. The muscular energy of men and of horses 
is one of the natural sources of power, and capable 
of doing some little work ; but as yet it had been 
struggling under the most unfavourable conditions, 
and what engineering did for it was to improve the 
method of its application — to smooth down the obsta- 
cles which had called for so much useless expenditure 
of effort The low places were filled up and properly 
drained, the gradients were improved, and the road- 
way formed of durable material affording a fairly even 
surface — and now it was possible to get along at a 
quicker pace. The cost of goods transport was thus 
reduced from 2s. 6d. to about 8d, per ton per mile, 
and at the same time the era of the fast coaches began. 
We read that between London and Edinburgh the 
coach started regularly once a month from each city, 
and performed the journey in about ten days during 
the summer or twelve days in the winter season.^ 
Such early triumphs were hailed with much satisfac- 
tion by the travelling public. An excellent coach- 

^ The fiure was 1 1^ guineAS inside, and 7i guineas outside. 
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road had been made from London to Bath, and in 
1774 we read that Burke travelled from one city to 
the other with " incredible speed," doing the journey 
in twenty-four hours. Altogether about 1 20,000 miles 
of roads and highways have been constructed in 
England, Scotland, and Wales. 

From this beginning, however, we find that improve- 
ments went forward more rapidly, and the construc- 
tion of canals was an important help to progress 
from 1760 to the end of the century. It effected a 
further reduction in the cost of transport, and pro- 
moted the extension of industry in many directions. 
The canals were mostly worked by horse-traction, and 
they enabled the horse to drag a very great load at a 
slow speed. The speed suited the horse well enough, 
and it kept down the tractive resistance to a very low 
figure. 

To apply the power of draught-horses at a some- 
what higher speed, the next engineering improvement 
was the laying of tramways for mineral traffic. At 
low speeds the tramway was hardly so efficient and 
easy a means of transport as the canal ; but it had the 
advantage that it could be worked at a trotting pace 
without greatly increasing the resistance, and this 
was impossible in the canal. 

The way was now open for the application of steam- 
power to the work of internal transport, and for the 
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performance of many other services which we are not 
just now considering, and at this time the steam 
engine was almost ready for its work. 

The watchmaker at Glasgow had found out what 
was the matter with the model of Newcomen*s old 
machine sent down to him for repairs. By a series of 
brilliant inventions, extending from 1769 through 
many succeeding years, James Watt had succeeded in 
making the condensing engine a practically useful 
machine for the conversion of heat into mechanical 
work. It had already lifted the chains from the men 
who had been condemned to the pumping of mines, 
and had come to the help of languid industry in many 
other places and in different ways. 

Watt had always been content to work with steam 
at low pressure ; but in Cornwall Smeaton and Tre- 
vithick began to use high pressure, controlling it safely 
in the Cornish boiler ; and it enabled them to dis- 
pense with the condenser, the cooling water, and the 
air-pump. The non-condensing engine was lighter, 
less bulky, and altogether more portable. 

To the minds of Stephenson, Blenkinsopp, Trevi- 
thick, and some others, it now seemed to be so portable 
that it might be put upon wheels and made to drive 
its own carriage. While others were trying to make 
it run upon common roads, Stephenson designed it 
for drawing heavy trains upon lines of tramway and 
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in either case such an engine would be superseding 
the horse. 

The prospect of such a change was viewed with 
much public interest and concern at the time, and 
especially in racing circles, as appears from the news- 
paper notices of the period. Thus the Times of 
July 8th, 1808, as quoted in a recent number of the 
Engineer ^ contains the^ following : — 

" We are credibly informed that there is a steam- 
engine now preparing to run against any mare, horse, 
or gelding that may be produced at the next October 
Meeting at Newmarket: the wagers at present are 
stated to be ;£" 10,000; the engine is the favourite." 

This was an engine of Trevithick's, but it is un- 
certain whether the race ever came off; it is referred 
to, however, in the Observer of July 17th, as follows: — 

"The most astonishing machine ever invented is 
a steam engine with four wheels so constructed that 
she will with ease, and without any other aid, gallop 
from 15 to 20 miles an hour on any circle. She 
weighs 8 tons, and is matched for the next New- 
market Meeting against three horses to run 24 hours, 
starting the same time. She is now in training on 
Lady Southampton's Estate adjoining the New Road." 

The situation is reviewed in more critical spirit by 
tfie Sun of July 21st: — 

"The new trotting match, in which one of the 
competitors is to be a steam-engine^ if the issue should 
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be favourable to the latter, may be expected to pro- 
duce a great change in many of our calculations. . . . 
We shall know what amount of posting there is 
upon any road, not by the dust, but the smoke; 
instead of half a peck of oats, a sack of coal will 
probably be a feed for a stage of moderate distance. 
A coachman, instead of being praised as a good 
whip, must be rated by his qualities as a stoker : our 
four-in-hand clubs will be extinct, and those who are 
now said to b^ run out as sportsmen will hereafter 
be recorded as burnt out ! " 

But George Stephenson was thinking not so much 
of the racehorse as the clouds of dust upon the 
public posting-roads ; and in designing the locomo- 
tive for general railway traffic, he had looked at the 
problem all round, providing not only power enough 
for heavy loads and high speeds, but also a line of 
way that should offer the smoothest and easiest travel- 
ling — easiest for the passenger and easiest for the 
engine. 

Each constituent part of the machine was specially 
adapted to its purpose — the compact boiler with its 
great heating surface and forced draught, the engine 
with its reversing link-motion, and every organic part 
to its organic function ; but beyond all this, the boiler, 
engine, and carriage were so skilfully adapted to 
each other that the organism, as a whole, has re- 
mained as a permanent type and model down to the 
present day. 
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As we see it now, the locomotive bears witness to 
the adaptive intelligence of Watt, Trevithick, George 
Stephenson, his son Robert, and a few other men. 
As the grooms and stable-boys saw it at first, it 
must have seemed to them and to many other people 
something like a new creation — and so indeed it was. 
But if the creation of such things falls within the 
province of human intelligence, the creative process 
did not begin in these men by watching the steam 
from the spout of a kettle, and it was not carried on 
by the fortuitous advent of any aimless ideas. If we 
could give credit to such fables, we might almost 
b^in to believe in the spontaneous and purposeless 
evolution of all things — horses as well as locomotives.^ 

However, the engine was only one part of the 
problem, and the larger part remained for solution. 
The railway must be adapted to the locomotive — to 
its weight, its work, and its intended speed. To lay 
out any such line, with easy gradients and easy 
curves, for a long stretch of many miles, over hill 
and valley and river, was a task that could not be 
accomplished by one effort of thought. When once 
the permanent way had been well designed, its pattern 

^ The recent statement of Lord Kelvin as to the clear teaching of 
science in r^;ard to any theory of a purposeless evolution reminds us 
that engineers are always vividly conscious of what is involved in the 
adaptation of means to an end, and the impossibility of adaptation by 
accident 
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might be followed upon many railways, but nothing 
else would be the same in any two cases. Cuttings 
and embankments, tunnels, bridges, and viaducts 
must be skilfully adapted in each case to the natural 
features of the ground. The task was soon taken in 
hand by a number of engineers all over the country, 
and carried out upon a scale which often dwarfed 
the greatest works of the old Romans. Robert 
Stephenson had soon bridged the Menai Straits for 
the passage of the Irish mail, and Brunei h^d carried 
his splendid line from London to Bath through the 
Summering Cutting and the Box Tunnel. 

Stephenson had begun with a gauge of 4 ft. 8^ in. 
between the rails, and it has been adopted almost 
everywhere ; but Brunei laid the Great Western Rail- 
way to the " broad gauge " of 7 ft. ; and all the way 
from London to Swindon the line had no gradient 
steeper than i in 300 and no curve sharper than eighty 
chains radius. This magnificent road was intended 
for high speed, and the express trains covered the 
distance at an average speed of sixty miles an hour, 
maintaining the service with regular punctuality. 

Narrow-gauge engines were built upon racing 
lines to vie with this speed, and when the locomotives 
were raced against each other a speed of more than 
100 miles an hour was recorded upon both lines. 
The " battle of the gauges," however, was not de- 
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cJded by speed-trials, but rather by commercial con- 
siderations. A break of gauge was a great source of 
inconvenience, and the Great Western was ultimately 
relaid to conform with the railway systems north and 
south of it. 

In speaking of railway extension, it must not be 
forgotten that British engineers have received in- 
valuable aid from the constructive skill and business 
capacity of British contractors ; and among the 
leaders of such enterprise the names of Peto, Brassey, 
and Betts will certainly be remembered. 

Within a period of about fifty years a network of 
railways had been spread over the United Kingdom, 
and trunk lines had been constructed in India and the 
Colonies. But beyond the limits of British dominion 
long lines of railway were laid out and constructed 
by British engineers in many European countries. 
Foreign governments had entered into negotiation 
with the great English contractors, and the engineer- 
ing agents of one such firm were exploring, survey- 
ing, designing, and building new lines of railway in 
Denmark, Russia^ Germany, Italy, Austria, and 
Hungary at the same time. 

The activity of British enterprise in the work of 
railway extension reached, perhaps, its high-water 
mark in the year 1866, when the outbreak of the 
Prusso-Austrian War was followed by a period of 
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inaction ; but the work was soon resumed both at 
home and abroad, and in almost every part of the 
world the railway system has now been carried to 
the confines of civilisation. Within the limits of 
the United Kingdom we now have about 22,000 
miles of railway, which have befen built at a cost of 
about ;f 990,000,000. The traffic upon these home lines 
has been continually increasing from the first, and at 
a rate which is itself increasing from year to year. 
At the end of the century the annual traffic had 
reached 425 millions of tons of goods and 1,100 
millions of passengers, but it is scarcely possible to 
realise all that is implied by such figures as these. 

George Stephenson is reported to have said, " Let 
the country make the railways, and tlie railways will 
make the country," foreseeing, perhaps, that the rail- 
ways and the industries they were intended to 
subserve must inevitably react upon each other in 
such manner as to rapidly foster the development of 
both. 

We may remember, however, that during the same 
period mechanical power had been directed in various 
other ways to the use and convenience of man — ^that 
every such application of power has augmented the 
production of real wealth, and has been followed, not 
only by an increase of population, but also by an 
advance in their general standard of living and in 
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the magnitude of their daily demands. From the 
Year Book of the London Chamber of Commerce, 
near the end of the century, we learn that the coal 
brought into London and actually consumed there 
amounted to nearly 8 millions of tons per annum. 
The provisions actually consumed in London are not 
so easily to be estimated, but they must include at 
least 30 millions of bushels of wheat, and perhaps 
300,000 tons of fresh meat; and it would therefore 
appear that the people of London could hardly live 
in comfort unless they received every day a supply 
of about 25,000 tons of food and fuel. For all such 
supplies London must depend mainly, and the inland 
towns almost wholly, upon the transport of goods by 
railway. 

Stopping here for a moment, let us carry our 
thoughts back to the beginning of this story, when 
the pack-horse was wending his toilsome way 
towards London with one or two sacks of grain 
upon his back, and there was nothing else to be 
seen upon the road except, perhaps, a waggon stand- 
ing fast in the mud, while the waggoner was urging 
his struggling team in vain to drag the wheels out of 
a rut Many reflections are suggested by such a 
glance backward to the time when railways were 
not. The contrast will illustrate forcibly enough the 
changes that have been wrought in the conditions of 
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human life, and the part that has been played by 
engineering in rendering such changes possible. 
Whatever forces, social, political, or economic, may 
have contributed to these remarkable results, yet 
they never could have been achieved so long as the 
work of transport depended upon the pack-horse.^ 
But the engineers have approached the problem in 
their own way, and their projects for the convenience 
of man have certainly been successful so far as the 
railways are concerned. 

The natural complement to an improved system of 
inland communication was the improvement of navir 
gation, for it was obvious that the people of these 
islands must always depend upon the fruits of other 
lands for a great part of their supplies; and the 
steamship was the natural successor to the loco- 
motive. Like the locomotive, it is one of the things 
that were not, but its creation did not wait for the 
happy inspiration of a gifted inventor. It was suffi- 
ciently obvious to all men that Watt's condensing 
engine could be carried aboard ship and made to 
propel the vessel, and the cooling water was always 
at hand. The steamship is not the invention of 
anyone, but it is the creation of human intelligence 

^ It is hardly necessary here to inquire what progress could have 
been eflfected under a system of Free Trade in one country or of Pro- 
tection in another country, under the regime of the pack-horse. 
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directed to the adaptation of the ship, the engine, 
and the propeller to their intended work and 
function, and it was achieved by the skill of such 
men as Penn, Maudsley, Napier, Laird, Samuda, 
Brunei, and Scott Russell. 

The work of these first pioneers may perhaps be 
considered as extending to about the year i860, 
when iron had completely taken the place of wood 
in shipbuilding, and the screw was rapidly taking the 
place of the paddle-wheel. Among the beautiful 
examples of their naval architecture we may recall 
such vessels as the Queen's yacht Victoria and 
Albert^ the troopship Himalaya^ the ironclad frigate 
Warrior, or the four mail-packets, Leinster^ Munster, 
Ulster^ and Connaught, which plied for many years 
between Holyhead and Kingston, with a speed of 
about twenty knots. 

During this first stage of development the design 
of the marine engine had passed through a great 
many changes, but it was always a low-pressure con- 
densing engine, and the steam was generally expanded 
in a single cylinder. At first the boiler pressure was 
not more than 7 or 8 pounds per square inch, 
and in 1859 it had only reached 20 or 25 pounds, 
so that the engines of a big steamer were often of 
impressive size and weight although working only 
up to a moderate power. Down to that date, indeed, 

D 
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high pressures had only been associated with such 
engines as the locomotive. 

In the later progress of steam navigation, down to 
1900, the most conspicuous feature has been the 
notable increase in the efficiency of the engine. 
Its general design has seldom departed from the 
favourite overhead type, but the great improvement 
has been obtained by multiple expansion in two, 
three, or four cylinders, starting with a higher initial 
pressure, and this higher pressure had been rendered 
possible by the progress in boiler-making, and 
especially by the introduction of mild steel for the 
purpose. Thus in twenty years the boiler pressure 
had increased from 25 to 100 pounds, and l;ad 
reached 220 pounds before the end of the century. 
In a modern steamship the work obtained from a 
ton of coal is more than twice as great as it was in 
i860, and the advantage tells in many ways upon a 
long ocean vc^age. A higher speed can be attained 
without increasing the consumption and storage of 
coal ; or if the speed remains unaltered, the con- 
sumption of fuel is less and the cargo-carrying 
capacity by so much the greater. The further capa- 
bilities of the water-tube boiler and of superheated 
steam have yet to be worked out, but the recent 
introduction of the steam turbine is a step which 
promises soon to revolutionise again the practice of 
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steam engineering. With the general increase of 
ocean traffic there has been a simultaneous increase 
in the size of the steamship, and this again has been 
facilitated by the use of mild steel in shipbuilding. 
The largest Cunarder in 1859 was the iron paddle- 
steamer Persia^ with a displacement of 6,000 tons 
and engines of 4,000 horse-power, while her place 
has been taken to-day by such vessels as the Lucania 
and the Campaniay and even these are outrivalled in 
point of size by the Cedricy the Oceanic^ and the 
Kaiser Wilhelm IL^ the largest being the Cedric^ 
with a displacement of about 32,000 tons, and a 
length of 697 ft over all. It is remarkable, how- 
ever, that all these modern vessels have only now 
attained to, without sensibly surpassing the dimen- 
sions of, Brunei's great steamer the Great Eastern^ 
which was launched in 1859. The design of that 
great vessel has continued to command the respect 
of naval architects, but her career was a series of 
misfortunes, and probably her greatest fault was that, 
like Brunei's broad-gauge rdlway, she was too far 
in advance of the requirements of her time. We 
should remember, however, that her dimensions were 
adopted with a special object in view — it was that 
she should carry coal enough to enable her to reach 
India or Australia round the Cape of Good Hope, 
for the Suez Canal was not then in existence. 
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This incident reminds us that the steamship was 
only one half of the problem of navigation — the 
waterway was the other half, and jts improvement 
fell more directly within the province of the civil 
engineer. At the beginning of the nineteenth 
century very little had been done in this direction. 
The old merchantmen had found access to our 
shores in some sheltered estuaries like the Thames 
and the Mersey, or in such natural harbours as 
Milford Haven or Queenstown, and a few small 
docks had already been excavated upon the banks 
of the Thames ; but there was a great deal for the 
harbour engineer to do, and great progress was made 
in the first half of the century. 

Breakwaters were built, or commenced, at Ply- 
mouth, Dover, Portland, Kingstown, Holyhead, 
Aberdeen, and some other ports. Smeaton had 
carried up the ingenious dove-tailed masonry of his 
beautiful tower upon the Eddystone Rock, and a 
large number of lighthouses had been erected all 
round the coast ; while commercial harbours had 
been established at a number of points with con« 
venient docks, basins, and quays for the loading and 
unloading of the ship. 

The improvement of the waterway, for both naval 
and mercantile services, has perhaps been a more 
important matter for Great Britain than for any 
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other country ; it is certain, however, that our 
harbour engineering has not fallen behind the 
measure of its responsibilities, and its continued 
progress must have helped very largely to retain in 
British hands the chief share in the shipping industry 
of the world. 

In almost every commercial port the harbour 
works have been repeatedly extended to meet the 
growing requirements of navigation, and of late 
years engineers have commenced a reconstruction of 
graving docks, basins, and entrances to provide for 
the enlarged dimensions of the modern steamship. 
At the present time the docks of Liverpool, London, 
or Cardiff are probably more extensive than those of 
any foreign port ; and the President of the Institute 
of Civil Engineers has recently told us that "the 
capacity of the wet docks in the Mersey alone, as 
measured by the length of quays, is two-thirds of 
that of all the wet docks in the rest of the world, if 
we do not reckon British ports." 

Among the notable devices for establishing a freer 
and more rapid communication by land and by sea, 
we must include the communication of messages by 
electric tel^raph. This invention was certainly a 
remarkable application of one of nature's sources of 
power to the use and convenience of man. The 
galvanic battery was indeed a prime mover (like the 
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heat engine) developing a certain amount of electric 
energy from a natural source ; and although the 
electric power was extremely feeble, yet the current 
could be sent through many miles of wire, and with 
the aid of an electro-magnet and a code of signals 
messages could be instantaneously transmitted 
through very long distances. Thus electricity was 
first utilised for a service of incalculable value to 
humanity ; and in the telegraph it was applied to a 
purpose for which it was peculiarly adapted, and 
which could not, indeed, be fulfilled by any other 
known agency of nature. 

The tel^raph was, from the first, the necessary 
complement of the railway service ; and in a short 
time its lines had been extended, along with the 
railways, to every part of the kingdom. In many 
country districts private messages could only be sent 
from the nearest railway station, until the General 
Post Office had taken over the service. But the 
lines were then rapidly extended to meet the grow- 
ing public requirements, and Sir W. Preece now 
informs us that the British lines of land telegraph 
have reached a length of 930,000 miles of wire- 
enough to go thirty-nine times round the world. 

It must have been nearly in the year 1858 that the 
first cable was laid across the Atlantic by two 
men-of-war belonging to the English and American 
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navies — H.M. battleship Agamemnon and the U.S. 
frigate Niagara. The two vessels sailed in company 
from this side of the Atlantic, each carrying one half 
of the cable. Arriving at mid-ocean together, the 
vessels' heads were laid in opposite directions, and 
when the cable had been spliced between them, each 
ship sailed for its own country, paying out the cable 
as she went. The two ends were safely brought to 
shore, and messages of peace and goodwill were 
exchanged between Her Majesty Queen Victoria 
and the American President; but having delivered 
these messages, the cable became silent, for the in- 
sulation had broken down somewhere in deep water. 
The break, however, was located by means of elec- 
trical measurements at this end, and when the cable 
had been fished up at the point thus indicated, the 
injured part was duly found and repaired. 

A few years later Brunei's great steamer, the 
Great Eastern^ was employed to ship a second cable 
in one length, and to lay it from shore to shore ; and 
this was perhaps the greatest service that the vessel 
ever rendered. 

Since that date the British ocean cables have been 
extended in every direction, and they now reach a 
total length of 183400 miles— enough to go seven 
times round the world. 

Everyone knows how the telephone has been 
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added to the tel^raph, keeping the man of business 
in constant touch with the outside world, and how 
the modern system of wireless telegraphy promises 
soon to keep in touch with him on sea as well as on 
land. 

It would be too long a task to follow out this 
story in all its developments, but we may consider 
for a moment how the progress of engineering has 
affected our manufacturing industries ; for it is cer- 
tain that the wealth of this country must depend 
largely upon the abundance of its manufactured pro^ 
ducts. It would be difficult, or perhaps impossible, 
to estimate 6y how much these products have been 
increased during the century ; but their annual out- 
put must certainly have been multiplied by a very 
large factor, and engineering has directly contributed 
to the result in several ways — first, by setting the 
heat engine to work as a prime mover ; secondly, by 
an endless series of improvements in the mechanical 
tools or implements concerned in all the detailed 
processes of manufacture; and lastly, to some extent, 
by die recent electric transmission of power from the 
prime mover to its implement. 

To trace very briefly the progress of engineering 
in these directions, we may remember that at first 
the water-wheel was almost the only prime mover. Of 
course the fitful power of the wind had been used at 
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that time, and the windmill was built at any open 
spot that would suit the business of the miller. But 
most of the corn-milling, the wool-spinning, and the 
cloth-weaving machinery was driven by water-power, 
and the industries had been naturally located upon 
the banks of certain rivers where the necessary fall 
and power could be obtained. 

Thus manufactures had been confined within a 
small area, but the restriction was entirely removed 
by the introduction of steam-power for the work of 
the factory, and by the simultaneous extension of 
railways ; for the coal could then be brought to any 
part of the kingdom, and its conveyance from the 
pit-mouth to any railway-station in the North of 
England or in the Midlands could only form a very 
small item of cost.^ 

Wherever the manufacturer could find the best 
local facilities for obtaining the raw materials or the 
labour, or the best market for the finished product, 
there the power could be put down along with its 
textile machinery or other implements of manufac- 
ture. The steam engine and its driven machinery 
were housed together in one building, and the power 
was transmitted from one to the other by ordinary 

^ Manchester received its first adequate supply from the Worsley 
Collieries by means of the Duke of Bridgewater's Canal, which was 
built for that purpose. 
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shafting or other simple gearing, just as it had been 
in the older water-mill. 

As compared with the water-power, it is obvious 
that the use of steam involved an annual expense in 
consumption of fuel, but the cost of coal in this 
country has been so small that it was far outweighed 
by the interest and depreciation upon the large 
capital that would be required for the permanent 
works of a large installation of water-power. Thus 
the great work of manufacture in Britain is now 
performed almost wholly by the power of the heat 
engine, and has grown to such dimensions that the 
work could hardly be overtaken by all the water- 
power that is practically available in the country. 

But the conditions were quite different in some 
foreign countries. There were districts, for example, 
in Switzerland and in America, which did not possess 
any such facilities for the ready supply of coal, while 
in the neighbourhood were to be found great natural 
sources of water-power which had never been utilised 
— and mainly because Nature had not located her 
waterfalls with any special reference to the require- 
ments of manufacturers in the nineteenth century. 
In recent times this local difficulty has been entirely 
overcome by electric transmission. Using a mod- 
erate current at very high potential, it is possible to 
convey a large amount of electric energy for a great 
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distance through a wire of moderate size, and by this 
means the power of the water-wheel is transmitted 
without much loss to distant factories whose situation 
can now be chosen (within certain limits) by refer- 
ence to the requirements of business. 

Owing to this difference in the natural conditions 
it was not to be expected that electricity could be so 
largely used in England for the transmission of water- 
power ; but it has already found a profitable applica- 
tion in many steam factories, where it has been used, 
instead of the ordinary shafting, for conveying the 
power of the engine to the driven machinery. Of 
course the dynamo and the electro-motor add 
nothing whatever to the power of the prime mover, 
but they are machines of such high efficiency that, 
in many cases, they will convey the power with less 
waste than would be entailed by the friction of long 
lines of shafting and belt-gearing. 

A review of engineering progress in any particular 
direction must always suggest that each advance has 
depended upon a simultaneous advance in other 
departments. The civil and the mechanical engineer 
have been indispensable to each other, and both of 
them have depended very much upon the progress 
of the ironmaker. The manufacture of iron and 
steel was a very ancient art ; and its slow and costly 
methods had undergone but little change in any part 
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other country ; it is certain, however, that our 
harbour engineering has not fallen behind the 
measure of its responsibilities, and its continued 
progress must have helped very largely to retain in 
British hands the chief share in the shipping industry 
of the world. 

In almost every commercial port the harbour 
works have been repeatedly extended to meet the 
growing requirements of navigation, and of late 
years engineers have commenced a reconstruction of 
graving docks, basins, and entrances to provide for 
the enlarged dimensions of the modem steamship. 
At the present time the docks of Liverpool, London, 
or Cardiff are probably more extensive than those of 
any foreign port ; and the President of the Institute 
of Civil Engineers has recently told us that " the 
capacity of the wet docks in the Mersey alone, as 
measured by the length of quays, is two-thirds of 
that of all the wet docks in the rest of the world, if 
we do not reckon British ports." 

Among the notable devices for establishing a freer 
and more rapid communication by land and by sea, 
we must include the communication of messages by 
electric tel^raph. This invention was certainly a 
remarkable application of one of nature's sources of 
power to the use and convenience of man. The 
galvanic battery was indeed a prime mover (like the 
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heat engine) developing a certain amount of electric 
energy from a natural source ; and although the 
electric power was extremely feeble, yet the current 
coutd be sent through many miles of wire, and with 
the aid of an electro-magnet and a code of signals 
messages could be instantaneously transmitted 
through very long distances. Thus electricity was 
first utilised for a service of incalculable value to 
humanity ; and in the telegraph it was applied to a 
purpose for which it was peculiarly adapted, and 
which could not, indeed, be fulfilled by any other 
known agency of nature. 

The telegraph was, from the first, the necessary 
complement of the railway service ; and in a short 
time its lines had been extended, along with the 
railways, to every part of the kingdom. In many 
country districts private messages could only be sent 
from the nearest railway station, until the General 
Post Office had taken over the service. But the 
lines were then rapidly extended to meet the grow- 
ing public requirements, and Sir W. Preece now 
informs us that the British lines of land telegraph 
have reached a length of 930,000 miles of wire — 
enough to go thirty-nine times round the world. 

It must have been nearly in the year 1858 that the 
first cable was laid across the Atlantic by two 
men-of-war belonging to the English and American 
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navies — H.M. battleship Agamemnon and the U.S. 
frigate Niagara, The two vessels sailed in company 
from this side of the Atlantic, each carrying one half 
of the cable. Arriving at mid-ocean together, the 
vessels' heads were laid in opposite directions, and 
when the cable had been spliced between them, each 
slup sailed for its own country, paying out the cable 
as she went. The two ends were safely brought to 
shore, and messages of peace and goodwill were 
exchanged between Her Majesty Queen Victoria 
and the American President; but having delivered 
these messages, the cable became silent, for the in- 
sulation had broken down somewhere in deep water. 
The break, however, was located by means of elec- 
trical measurements at this end, and when the cable 
had been fished up at the point thus indicated, the 
injured part was duly found and repaired. 

A few years later Brunei's great steamer, the 
Great Eastern^ was employed to ship a second cable 
in one length, and to lay it from shore to shore ; and 
this was perhaps the greatest service that the vessel 
ever rendered. 

Since that date the British ocean cables have been 
extended in every direction, and they now reach a 
total length of 183,400 miles — enough to go seven 
times round the world. 
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added to the telegraph, keeping the man of business 
in constant touch with the outside world, and how 
the modem system of wireless tel^^aphy promises 
soon to keep in touch with him on sea as well as on 
land. 

It would be too long a task to follow out this 
story in all its developments, but we may consider 
for a moment how the progress of engineering has 
affected our manufacturing industries ; for it is cer- 
tain that the wealth of this country must depend 
largely upon the abundance of its manufactured pro^ 
ducts. It would be difficult, or perhaps impossible, 
to estimate by how much these products have been 
increased during the century ; but their annual out- 
put must certainly have been multiplied by a very 
large factor, and engineering has directly contributed 
to the result in several ways — 6rst, by setting the 
heat engine to work as a prime mover ; secondly, by 
an endless series of improvements in the mechanical 
tools or implements concerned in all the detailed 
processes of manufacture; and lastly, to some extent, 
by tiiie recent electric transmission of power from the 
prime mover to its implement. 

To trace very briefly the progress of engineering 
in these directions, we may remember that at first 
the water-wheel was almost the only prime mover. Of 
course the fitful power of the wind had been used at 
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that time, and the windmill was built at any open 
spot that would suit the business of the miller. But 
most of the corn-milling, the wool-spinning, and the 
cloth-weaving machinery was driven by water-power, 
and the industries had been naturally located upon 
the banks of certain rivers where the necessary fall 
and power could be obtained. 

Thus manufactures had been confined within a 
small area, but the restriction was entirely removed 
by the introduction of steam-power for the work of 
the factory, and by the simultaneous extension of 
railways ; for the coal could then be brought to any 
part of the kingdom, and its conveyance from the 
pit-mouth to any railway-station in the North of 
England or in the Midlands could only form a very 
small item of cost.^ 

Wherever the manufacturer could find the best 
local facilities for obtaining the raw materials or the 
labour, or the best market for the finished product, 
there the power could be put down along with its 
textile machinery or other implements of manufac- 
ture. The steam engine and its driven machinery 
were housed together in one building, and the power 
was transmitted from one to the other by ordinary 

^ Manchester received its first adequate supply from the Worsley 
G>llieries by means of the Duke of Bridgewater's Canal, which was 
built for that purpose. 
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shafting or other simple gearing, just as it had been 
in the older water-mill. 

As compared with the water-power, it is obvious 
that the use of steam involved an annual expense in 
consumption of fuel, but the cost of coal in this 
country has been so small that it was far outweighed 
by the interest and depreciation upon the large 
capital that would be required for the permanent 
works of a large installation of water-power. Thus 
the great work of manufacture in Britain is now 
performed almost wholly by the pow«r of the heat 
engine, and has grown to such dimensions that the 
work could hardly be overtaken by all the water- 
power that is practically available in the country. 

But the conditions were quite different in some 
foreign countries. There were districts, for example, 
in Switzerland and in America, which did not possess 
any such facilities for the ready supply of coal, while 
in the neighbourhood were to be found great natural 
sources of water-power which had never been utilised 
— and mainly because Nature had not located her 
waterfalls with any special reference to the require- 
ments of manufacturers in the nineteenth century. 
In recent times this local difficulty has been entirely 
overcome by electric transmission. Using a mod- 
erate current at very high potential, it is possible to 
convey a large amount of electric energy for a great 
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distance through a wire of moderate size, and by this 
means the power of the water-wheel is transmitted 
without much loss to distant factories whose situation 
can now be chosen (within certain limits) by refer- 
ence to the requirements of business. 

Owing to this difference in the natural conditions 
it was not to be expected that electricity could be so 
largely used in England for the transmission of water- 
power ; but it has already found a profitable applica- 
tion in many steam factories, where it has been used, 
instead of the ordinary shafting, for conveying the 
power of the engine to the driven machinery. Of 
course the dynamo and the electro-motor add 
nothing whatever to the power of the prime mover, 
but they are machines of such high efficiency that, 
in many cases, they will convey the power with less 
waste than would be entailed by the friction of long 
lines of shafting and belt-gearing. 

A review of engineering progress in any particular 
direction must always suggest that each advance has 
depended upon a simultaneous advance in other 
departments. The civil and the mechanical engineer 
have been indispensable to each other, and both of 
them have depended very much upon the progress 
of the ironmaker. The manufacture of iron and 
steel was a very ancient art ; and its slow and costly 
methods had undergone but little change in any part 
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of the world until the b^inning of the nineteenth 
century. But from that time it has witnessed a long 
series of improvements which have been almost 
wholly due to British engineering. 

The hot blast was introduced by Neilson in 1829, 
the steam hammer by Nasmyth about ten years later; 
and these improvements did much for the production 
of malleable iron, and for the saving of fuel ; but it 
still required more than five tons of coal to produce 
one ton of good rolled iron. The old manufacture of 
steel from the best wrought-iron was still more costly, 
adding other tons of fuel in the successive processes 
by which the pure iron was again recarburised. The 
sword-blade of the old armourer was indeed as good 
a piece of metal as any that has been produced, and 
the quaint little pots and ovens and crucibles that 
were still used at Sheffield might be retained for the 
making of small cutlery; but the metal was not 
suitable for the building of ships, or boilers, or 
bridges, and the small-scale processes were altogether 
inadequate for turning out the millions of tons that 
were needed by engineers for such purposes, and for 
the rails, tyres, and axles of our fast-extending rail- 
ways. 

These objects were accomplished in 1856 by 
the regenerative furnace of Siemens' open-hearth 
method and by the Bessemer converter, producing 
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difTerent grades of steel with a much smaller con- 
sumption of fuel than had hitherto been required for 
wrought-iron. At first the Bessemer process could 
only be applied to ores that were free from phos- 
phorus ; but a few years later the phosphorus was 
eliminated by the "basic" modification of Thomas 
and Gilchrist. Thus wrought-iron has been almost 
entirely superseded by steel, except for some special 
purposes : the material for our rails, tyres, and axles 
IS furnished by the Bessemer converter, while the 
open-hearth process gives us the very ductile steel 
that is required for shipbuilding and for boiler-making. 
At the present time the British iron and steel makers 
are converting about fourteen millions of tons of ore 
per annum. 

The use of iron, in any form, for purposes of bridge- 
building had been very uncommon before the year 
1800,^ although we find that, soon after that date, both 
Rennie and Telford were proposing to cross the 
Menai Straits by a cast-iron arch of large span. 
These bold designs were not carried out, but one 
of the finest early examples is Rennie's well-known 
bridge crossing the Thames at Southwark in three 
spans, and dating from 181 5, when the Battle of 

^ A few arches had already been built of cast-iron, the first being a 
bridge of Telford's at Coalbrookdale, completed in 1779, with a span 
of 100 ft. 
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Waterloo was fought and Rennie's Waterloo Bridge 
was in progress. 

The design of such arches had followed the lines of 
the earlier stone architecture^ the iron panels being 
fitted together so as to take the function of arch- 
stones ; and the material was indeed better adapted 
to withstand that kind of stress than any other, 
owing to the weakness of cast-iron under tension. 

But in 1825 Telford carried his bridge across the 
Menai Straits upon a different principle, abandoning 
the arch, and relying upon the high tensile strength 
of wrought-iron bars, which he used as links for the 
chains of his fine suspension bridge. The main span 
has a width of 570 ft ; and the example has been 
followed in many other road bridges of somewhat 
similar dimensions, as at Battersea and at Clifton. 
But for railway purposes the British engineer has 
generally selected the girder in preference to either 
arch or suspension bridge, for he found in the wrought- 
iron and the steel materials which offered a high 
resistance to aU the different kinds of stress which 
take effect in the members of a girder. 

With such materials the engineer has been able to 
carry his lines of railway over rivers and estuaries, 
which could never be crossed by the old builders in 
stone or in timber, but he has not achieved this end 
by the mere substitution of one material in place 
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of another : it has been accomplished only by the 
development of new forms of construction, adapted 
to the capacities of the new materials, and adapted 
also to the various internal stresses, which have been 
investigated by analytical study. 

Looking at the open network of a modern latticed 
bridge, or at the great cantilevers which stretch their 
arms across the Firth of Forth, we can, perhaps, 
hardly recognise in these complex structures any 
likeness to the parent type, which was a simple cast- 
iron beam; and yet they are all girders in various 
forms or stages of development The functions of 
the simple beam have, in fact, been analysed into 
their component parts or elements, and each elemen- 
tary function has been allotted to a separate member 
specially adapted to its own particular duty. 

Thus the general line of progress, in the evolution 
of the girder bridge, has been "from simplicity to 
complexity of structure, and from obscure complexity 
to a defined simplicity of function." ^ Along this line 
of development we may recall a few notable examples, 
such as the hollow wrought-iron beams of the Britannia 
Bridge erected in 1850, the great truss built by Brunei 
across the Wye, and his braced combination of bow 
and chain at Saltash, the Warren girders of the 
Crumlin Viaduct, followed in later years by a number 

^ Herbert Spencer's line of progress. 
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of bowstring and lattice girders of various types, and, 
lastly, the Forth Bridge crossing two main spans of 
the unprecedented width of 1,750 ft 

This short review has led our thoughts in many 
directions already, but it would be very incomplete 
without some brief notice of the progress of muni- 
cipal engineering, which has contributed very much 
to the health and the conveniences of life in our 
cities, by its works of water supply, drainage, and 
public lighting, and its lines of urban communication. 

In the year 1807 one side of Pall Mall was lit by 
gas, and this appears to have been its first introduc- 
tion into public streets, although it had been used in 
the Lyceum Theatre since 1804. By 181 5 most of 
the London streets had been lit, and gas lighting was 
soon extended to every considerable town in the king- 
dom. This was a great improvement upon the old 
oil lamps and the watchman's horn lanthorn, which 
had served to make darkness visible at the street 
corners; and soon after i860 it b^an to be supple- 
mented by electric lighting. The arc light had been 
applied in the North Foreland Lighthouse in 1858. 
Since 1870 electric lighting has been extended to 
almost every large town and to a great many 
villages. 

The first section of the underground railway in 
London was opened for traffic in 1863, and, with its 
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later extensions, has served to relieve the congested 
traffic of the streets ; while street tramways were 
introduced (from America) at nearly the same date. 
Tramway lines have since been laid in most of our 
large towns, but the familiar horse-car is now rapidly 
disappearing from view, for the street traffic on such 
lines could be worked with much greater public con- 
venience by a stationary steam-engine. In a few 
cities, like Edinburgh, this was effected by rope- 
traction; but in the great majority of cases the 
power of the engine has been conveyed with greater 
efficiency and convenience by electric transmission. 
The same method has been extensively used, in 
recent years, for urban and suburban railways, and 
as everyone knows it is now to be applied to the 
Metropolitan Company's lines. 

The waterworks of London can lay claim to a 
considerable antiquity, for the New River supply was 
brought in as long ago as 161 3 by Sir Hugh Myddel- 
ton, and aiost of the other water companies had 
commenced their operations some few years before 
the beginning of the nineteenth century. But while 
London continues to derive its supply chiefly from the 
river Thames, engineers have provided new systems 
of water supply for most of the large towns through- 
out the kingdom. The supplies have been obtained 
from various sources, but the engineer hjas generally 

E 
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found reason to abandon the valleys and all populous 
districts, going far away up the hillsides in search of 
water of unimpeachable purity, and has found it in 
the mountain streams and in great collecting grounds 
upon the moorlands. From these elevated districts 
he has conveyed the water through long lines of 
aqueduct by gravitation, making use of the natural 
water-power to convey the water itself to its far-off 
destination. Thus Liverpool has been supplied from 
Vymwy, Manchester from Thirlmere, and quite 
recently Birmingham from Mr. Mansergh's great 
reservoirs in the Elan Valley, not less than seventy 
miles from the city. 

The waterworks of Britain include many engineer- 
ing structures which have surpassed, in some respects, 
the aqueducts of old Rome ; but the English people 
have not cared to emulate the extravagant provision 
that was made for the luxury of Roman citizens — 
they have been content to bring into every town a 
supply of pure water, adequate in quantity for the 
" uses" of industry and the "conveniences " of domestic 
life. 

This very imperfect story of engineering progress 
has been altogether too brief, and has left many 
points unnoticed ; but it may serve to remind us of 
some of the good things that have been accomplished 
in the nineteenth century, and to show how engineers 
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have been working towards the fulfilment of their 
many projects for the use and convenience of man. 

It is already evident that the execution of such 
public works must have been attended with far* 
reaching effects, and it would be interesting to dis- 
cover how they have really affected the well-being of 
various sections of the community ; but anything 
that can be said about this intricate question must be 
left for the next chapter. 



CHAPTER III 
THE PLEA FOR ENGINEERING IN ECONOMICS 

\ TI rHEN Cornelius Vermuyden was employed by 
^ ^ King Charles I. to drain the Lincolnshire 
fens, he planned and partly carried into execution 
the first of a series of engineering works which have 
added to the land of England an area almost as great 
as the whole country of Holland. 

But the great utility of the project did not save it 
from violent opposition at the time. The original 
fen-dwellers had depended for their living upon the 
wild-fowl and the fish that could be caught in the 
swamps ; and when they found their occupation gone 
they rose in revolt. The fact that, after many years 
of labour, some 600,000 acres of the best corn-land 
had been reclaimed for the country mattered nothing 
to them: they blocked the water-courses, cut the 
dykes, and restored the whole district to its primi- 
tive condition of uninhabitable swamp ; and it would 
appear that even the patriotism of Oliver Cromwell 
was not broad enough to prevent him from taking 
part in the destruction. 

52 
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We need not doubt that the fen-dwellers, from 
their own point of view, found some justification for 
their proceedings, and the incident only reminds 
us that progress has not been achieved without 
encountering such natural opposition at every step. 
The water-carriers in London did their best to 
prevent the introduction of the New River supply into 
the city ; and at a later date we remember that the 
life of James Watt was in imminent danger from a 
Birmingham mob, who had raised the cry of "No 
philosophers," and had already burned down the 
house of his fellow-worker. Dr. Priestley, before they 
could be dispersed by the dragoons. Still later we 
recall the burning of agricultural machines by the 
farm labourers ; and forcible protests of a similar 
kind were often repeated until nearly the middle of 
the nineteenth century. 

In each case the working-man suffered a real 
injury in the loss of his old occupation ; and when 
railways were first laid in any district they not only 
ruined the business of the coaches and canals, which 
had found employment for a large number of men, 
but threatened also to injure vested interests of many 
other kinds. They were opposed by landlords and 
tenant-farmers in all parts of the country, while the 
towns were so little in love with them that they 
compelled the main lines of railway to keep at a 
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respectful distance from their neighbourhood. If 
some of these supposed grievances were imaginary, 
it is certain that many of them were very real, and 
everyone knows what an immense injury has fallen 
upon the whole agricultural industry of our country, 
and all its dependent interests. 

Engineering stands in need of some valid plea to 
justify the operations which have wrought havoc in 
so many directions. 

On behalf of engineering, we may first notice one 
plea which might be urged, and often has been urged 
— it is that the individual losses have been recouped, 
or more than recouped, by individual gains of a 
similar kind. 

The old occupations, which found employment for 
a certain number of working-men, have been replaced 
by new industries which now find employment for a 
still larger number, and at higher wages. And in 
regard to other classes of the community a similar 
argument might, no doubt, be stated : for if the rail- 
way, the steam engine, and the dynamo have 
wrought changes which have injured some sources 
of revenue, yet they have afforded a new and a wide 
field for the profitable investment of capital. 

Such considerations have certainly had their 
weight in the past ; and to-day the machinery of our 
factories is quite safe from attack, for its destruction 
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would obviously throw a large number of hands out 
of work ; while the profits earned by the railways and 
by other works of engineering enterprise have come 
to form a valuable part of our whole national income. 
Of course, this lamentably weak argument is not 
the plea on which the engineers have based their 
original programme ; but it is evident that their 
projects could never have been carried out if they 
had not offered the prospect of a good return upon 
the^expended capital. The prospect was not, perhaps, 
very clear so long as the scheme could only be seen 
upon drawing-paper, but the investor was abundantly 
satisfied as soon as the work was executed and earn- 
ing a good revenue. Thus the first canals were only 
carried out by the individual enterprise of the Duke 
of Bridgewater, and at the cost of his private estate;^ 
but within a few years afterwards we find that " an 
immense number of Navigation Acts received the 
sanction of Parliament, canals began to be freely 
quoted on 'Change,' and in 1790 the canal mania 
began. The Gazette of August, 1792, contained 
notices of eighteen new canals, and the premiums of 
single shares in companies had reached such figures 



^ It is said that the Duke had nearly come to the end of his 
resources before he could finish the Worsley and Manchester Canal, 
and was paying his engineer Brindley at the rate of three shillings and 
sixpence a day. 
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as ;fi5S (Leicester), £^$0 (Grand Trunk and 
Coventry), and ;f 1,170 (Birmingham)."^ 

All this was repeated on a larger scale during the 
railway mania, when Hudson was *' Railway King " ; 
and at a still later date we have seen a similar 
*' boom " in the shares of electric lighting companies. 

That British enterprise has yielded a ready, and 
sometimes profuse, support to such undertakings can 
never be a matter of regret on public grounds. It 
has had the disappointing effect of keeping down the 
dividends to something like a normal level; but it 
has promoted that public competition which seems 
to be a necessary element in the economic system 
under which we live. The holder of railway shares 
or debentures has not obtained, perhaps, a h^her 
rate of interest than about 4 per cent upon his 
invested capital, but railways have been multiplied 
until everyone has shared in the benefits of rapid and 
exceedingly cheap transport It would be almost 
impossible to estimate the money value of this pub« 
lie benefit, but if the annual cost of naoving 450 
million tons of goods by railway were compared with 
the cost of its transport by road, the comparison 
would certainly show an annual saving of some 
hundreds of millions sterling. The railway system 
brings, therefore, immense gain to the country, but 

* Jean's Waterways and Water Transport, 
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the larger part of the gain is reaped by the people 
who use the railway, and not by the people who 
derive their incomes directly from it. 

Engineering enterprise of any other kind is subject 
to the same conditions ; and its true value can never 
be measured by the profits it may yield to the 
capitalist, nor by the wages it may offer to any kind 
of labour. 

In every case, however, we may expect that the 
economic problem will be looked at from different 
points of view, and will wear as many different 
aspects. The factory artisan can see very clearly 
that his pi;ospects depend upon finding continuous 
employment at a good rate of pay. To him the 
wages are everything, and the productiveness of his 
work may count for nothing — or perhaps less than 
nothing, for if the work is done as slowly as possible, 
his labour will be in greater demand. He dreads 
"over-production," and must logically regard the 
employment of steam-power as a direct injury to 
the interests of his class. 

On the other hand, the political economist has 
long been preaching a broader doctrine, insisting 
always that the material wealth of the whole com- 
munity must depend upon the productiveness of 
industry, and that the general prosperity can only 
be ensured by the abundant production of those 
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things which form the necessaries and conveniences 
of life in proportion to the number of people who 
have occasion to use them. 

The motto of the early engineers shows clearly 
enough that they were men of a similar faith, 
although they have naturally looked at the matter 
from their own special point of view. To them the 
whole economic problem seemed to resolve itself 
into a question of work that needs to be done and 
the energy that is needed to do it The old econo- 
mists^ had already taken a similar view of the 
matter, but some of them appear to have relied 
upon human labour as the only productive energy 
— and every new labourer makes one more to be 
fed — ^while the engineers have enlisted on the same 
side the great forces of nature ; and when these have 
lent their vast energies to the work, they have 
multiplied the productive power many times over 
without adding thereby to the number of consumers 
among whom the products have to be divided. 

Thus if the application of power to our factory- 
work needs any defence, it finds its best plea in the 
wide benefits which it ultimately yields to the tis^ 
of its products ; and every project of the civil 
engineer must be judged by the same test — it will 

^ We may remember that in Adam Smith's time the " fire-engine," 
as he called it, was quite a novelty, and had hitherto done very little. 
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be justified in the long run if, in fair proportion to 
its cost, it contributes effectively to the use and 
convenience of man. 

The agricultural interest in Britain has suffered 
loss, but engineering has helped to bring a cheap 
and abundant supply of food to the whole people 
of Britain. If the use of machinery has brought 
down the wages of the poor seamstress, the weaver, 
and the match-maker, it has supplied the whole 
population with the necessaries and comforts of life. 
The London water-carrier has lost his occupation, 
but the people of London have the water within 
every house, and ten times as much as they had 
before. 

And the broad result is only to be measured by 
the average condition of each class in the community 
as compared with its condition in the eighteenth 
century, in regard to the possession of all those 
material things which go to make up the necessaries, 
the comforts, or the enjoyments of life, including 
all those facilities for travel, reading, and education 
which may contribute to its improvement. 



CHAPTER IV 
THE OCCUPATIONS OF THE CIVIL ENGINEER 

IN following the engineers along the various lines 
of progress that have been traced in the second 
chapter, it has become very evident that the word 
"engineering" includes to-day a vast number of 
widely different occupations. The work that has 
been undertaken in so many different fields was 
a great deal more than could be carried out by 
one set of men, and it soon became clear that 
a division of labour was absolutely necessary. The 
making of engines and machinery was taken in hand 
in the shops of the mechanical engineer, while the 
civil engineer was engaged in carrying out his great 
works of construction in the field. 

This division was soon followed by a further sub- 
division in each of the main branches, to the advan- 
tage of both. The mechanical engineer found as 
much as he could well do in the making of one class 
of machinery, and often confined his attention to the 
production of one special type in the particular 

class. Thus we find at the present day a number 
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of eminent firms who devote their ingenuity and their 
resources to the production of each one of the follow- 
ing classes of work or machinery : — 

Locomotives Water-pipes and fittings 

Marine engines Gas-lighting plant 

Mill engines Hoisting machinery 

Boilers Wood-cutting machinery 

Gas and oil engines Textile machinery 

Turbines Corn-milling 

Motor-cars Bridge-work 

Portable engines Metallurgy 

Agricultural machines Electrical machinery 
Hydraulic machinery of all kinds 
Pumping engines 

In addition to all this, the mechanical engineer has 
often become the builder of warships, and the maker 
of heavy guns, armour-plates, turrets and their 
machinery. 

The design of all kinds of machinery may be said 
to form part of civil engineering in its widest sense, 
but the main occupation of the civil engineer must 
lie in the design and construction of public works 
such as the following : — 

Bridges and viaducts Landing-stages 

Roads Dockyards 

Railways Floating-docks 
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Tunnels Waterworks 

Street tramways Drainage works 

Canals and river-works Aqueducts 

Breakwaters Reservoirs 

Harbours Irrigation 

Lighthouses Reclamation of land 

In connection with these works of construction — 
for their execution and their equipment — he will 
employ machinery of almost every kind that has 
been named in the first list ; and in most cases it will 
be part of his duty to adapt the machinery to its 
special purpose, although its actual construction may 
be carried out in the shops of the mechanical 
engineer. Sometimes he may, with great advantage, 
adopt such forms and details of mechanism as have 
already been worked out by the skill and experience 
of the engine-maker : while in other cases he may be 
compelled to devise mechanical appliances of some 
special kind to meet the particular requirements of 
his work — such as pneumatic machinery for sub- 
aqueous tunnelling, hydraulic machinery for the 
equipment of dock-works or the regulation of water- 
supply, and many other kinds of special plant and 
machinery. 

Between the two main branches of engineering 
there are some notable differences which claii;D our 
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It may be possible to carry on the manufacture of 
machinery successfully for some length of time upon 
purely commercial principles ; but the civil engineer 
must be a man of some original resource and creative 
ingenuity, as well as practical skill and experience. 

We may henceforth confine our attention to the 
special work of the civil engineer, and in due time 
we shall have to consider the nature of his pro- 
fessional duties and responsibilities. We shall find 
that his position may sometimes resemble that of 
the military engineer, but will generally find its 
closest parallel in the professional position of the 
architect. But to understand his complex relations 
with men^ we should first consider in some fuller 
detail what is the nature of his occupation in deal- 
ing with things — what are the physical facts and 
problems that must engage his study, and what it is 
that the civil engineer and his assistants will find to 
do — in the field and in the drawing-office. 

We may begin with the preliminary surveys. 

Before anything can be done towards the com- 
mencement of any extensive public work, such as 
a line of railway, the ground must be carefully 
studied. Existing maps and plans will afford only 
a hazy indication as to the He of the country : they 
may show, indeed, where the rivers run, and a route 
which is practicable for the water is often practicable 

F 
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But the civil engineer works under happier con- 
ditions, which are almost the opposites of all these. 
His occupation is not a trade, but he is profession- 
ally engaged to prepare the designs for such public 
works as are mentioned in the second list, and to 
superintend their execution. These public works are 
not products of any manufacture, and they cannot be 
designed to one pattern nor made by one set of 
machine tools, and they cannot be carried out by one 
class of skilled labour. Their execution may employ 
the ironfounder, the smith, and the engine-fitter, but 
it will also require the co-operation of mason, brick- 
layer, carpenter, and excavator, and very likely of 
the sailor, the miner, and the helmet-diver ; and the 
operations of these allied forces can never follow the 
order of a prescribed routine. Every new work 
brings its own problems — with new objects to be 
attained, new conditions to be met, and new diffi- 
culties to be surmounted. 

In taking up the design of such works, there are no 
interests to be served by adhering to the lines of 
earlier examples, and the engineer is free to find his 
own solution for the problem. There is only one 
Dover Breakwater in the world, and only one Forth 
Bridge ; and if we compare the great bridges of recent 
times we shall scarcely find two that are alike, for in 
each case the engineer has sought for the best means 
of attaining his end. 
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for the railway, but the line must sometimes cross 
from one watershed into another, passing over inter- 
vening hills or perhaps mountain ranges. For his 
first exploration the engineer may very likely take 
with him nothing more than an aneroid barometer 
strapped over his shoulder, a field-glass in his pocket, 
and perhaps a box sextant or prismatic compass. 
But as soon as he can select the route that seems to 
be most practicable, that line of country must next 
be studied in all its details by a staff of engineering 
surveyors, equipped with levels and theodolites, or 
perhaps tacheometers. The staff will generally divide 
itself into parties, each party taking up a length of 
some ten or twenty miles ; and if the work is far 
abroad, the expedition will require its camp or camps 
and its commissariat. 

These men will presently have to construct de- 
tailed plans and sections, showing every important 
feature along the whole line of route; but the 
making of such plans is not the only nor the chief 
duty of the staff. The leader of each party must 
be something more than an accomplished surveyor, 
and should possess some skill and experience as 
an engineering tactician. He Is the lieutenant in 
charge, and knows how to circumvent the obstacles 
of nature — ^he will have a quick eye for difficult 
earthworks, will know the best place to cross a river 
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when he sees it, or to throw a viaduct over a deep 
valley, or to drive a tunnel through a mountain 
range. For he must think out all these problems on 
the ground, and in looking over it he uses something 
more than a theodolite, for he sees things that are 
not as though they were. In the course of a month 
or two he has gradually worked through the length 
of his section, and his imagination has already drawn 
an outline picture of the railway as it is to be — the 
picture will be filled up by-and-by. 

In due time the parties will meet at the several 
points of junction, and will then probably proceed 
to headquarters, where each party will prepare the 
completed plans and sections of the line of route. 
It would take too long to discuss here the purposes 
which are to be served by these preliminary plans: 
first, in obtaining the necessary powers from the 
English Parliament or the sanction of Continental 
governments, whose requirements in the matter of 
plans are far more exacting; and afterwards, as a 
basis on which the engineer will work out his de- 
tailed desigrns for each structure comprised in the 
project. 

When standing orders have been complied with, 
however, the. next duty of the engineer will be the 
preparation of these matured designs in the form of 
detailed "working drawings" or contract drawings. 
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And here we should remember that drawing is the 
language of construction, and a language which 
is universally understood among engineers of all 
countries and of every rank : so that one member 
of the brotherhood has no trouble in understanding 
the information conveyed by another, nor in reading 
his thoughts and intentions. Thus the picture, which 
had begun to photograph its outlines upon the vision 
of the surveying lieutenant, may be filled up in a 
drawing-office at Westminster : and when it is com- 
pleted, it will convey the instructions of the chief 
engineer for the execution of the work in every 
detail 

The designs required for any such project as a 
line of railway will be numerous, and every one of 
them must be carefully thought out beforehand. The 
line could hardly be carried for twenty miles throi^h 
a country like England without the building of some 
twenty or thirty bridges, and the drawings must 
include complete designs for all the bridges, culverts^ 
viaducts, and tunnels, as well as the earthworks, 
permanent way and road, or river diversions. In 
each case the structure must be adapted to its special 
purpose, to its immediate surroundings, and to a 
vast number of local conditions, which must all be 
weighed in the engineer's mind. The questions that 
must engage his attention at this stage of his work. 
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and also during its later execution, are interesting 
enough, but they are so many that it would be im- 
possible to refer to them all. 

We can glance at a few of them if we begin with 
the bridges upon a line of railway. 

A good many of these will be required for carry- 
ing the- public or private roads over or under the 
railway. For the crossing of such small openings 
timber trusses were often used in old times, and are 
still used in America; but the British engineer will 
prefer to build in the more durable materials of good 
brickwork or stone masonry (unless he is driven to 
the modern substitute of Portland cement concrete) ; 
and if the local conditions permit he will adopt an 
arched superstructure, crossing over a road in one 
span, or over a deep cutting by a bridge of three 
or five arches, while in some cases he may find it 
advantageous to employ a superstructure of iron or 
steel. And in every case he will take care to make 
himself acquainted with the natural products of the 
locality, and the facilities or difficulties of transport : 
for in getting out his designs the engineer must 
always look ahead, and must provide beforehand, in 
his own mind, for every difficulty that will be likely 
to arise in their execution. 

But the greater the difficulties the more pleasant 
will be the task, and the engineer finds himself 
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problem, and for one reason or another, the examples 
of the past will fail to satisfy all the new conditions, 
so that there is no prospect of anything like finality 
in bridge desiga Quite recently the French engineers 
have built the Viaur Viaduct upon lines which form 
yet another new departure, and which may be said to 
combine in one structure the principles of the arch 
and the cantilever. 

In designing the superstructure the engineer will do 
nothing by guesswork. He will carefully estimate 
the greatest load that the bridge will have to carry, 
making due provision for wind-pressure ; and when 
all the internal stresses have been discovered by 
calculation, every member throughout the whole 
structure will be designed with a strength proportioned 
exactly to the burden it has to bear. This calculation 
fixes the stoutness of each member, and the stoutness 
determines its weight, while the weight of the whole 
steelwork in a large bridge is itself the most im* 
portant part of the total load. The load can now 
be reckoned out more exactly, and if it exceeds the 
original estimate the members will have to be made 
stouter, but this will add to the load again, and 
it may prove a difficult matter to make the bridge 
strong enough to carry itself. In the Forth Bridge, 
for example, the heaviest train that crosses is an 
insignificant matter compared with the weight of the 
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structure ; and if the design for such a span were 
commenced upon the lines of the Saltash example, 
it would soon show itself to be an impossible project, 
for the weight of such girders would form a load 
very much greater than they could carry. But in 
finding his way through all these problems, the 
engineer does not walk blindfold, nor stumble upon 
impossibilities. He finds their practical solution by 
the scientific methods of the "theory of construc- 
tion." 

The crossing of very wide spans would be physic- 
ally impossible without the aid of theory, but there 
still remain some other questions of a more practical 
kind — the foundations of the river piers will have to 
be carried down to a firm basis, and the steelwork 
of the great superstructure will have to be erected by 
some carefully devised process. 

In some cases the piers of the bridge may be 
designed in the form of cast-iron cylinders like those 
which may be seen in the railway bridge at Charing 
Cross; and in many Indian rivers, where the bed 
consists of shifting sand-banks, these cylinders have 
enabled the engineer to carry down his foundations 
to a very great depth, where they can rest safely 
upon a firmer basis and beyond the reach of any 
scouring action of the flood. 

But the method of sinking the foundations and 
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the construction of the river piers mtrst depend upon 
local conditions. Sometimes the piers and abutments 
will be great structures of masonry, and to carry the 
masonry down through the water and the sand, the 
engineer may decide to use " caissons " of one kind 
or another. The caisson may sometimes take the 
form of a huge diving-bell filled with compressed air 
in which the workmen can operate ; and the masons 
go on building their great pier upon the top of it, 
while the workmen under its base are gradually 
letting it down through the sand. In other cases 
it may be better to employ caissons which are so 
constructed that they can be floated and sunk by 
a different process. When the caisson has been 
launched from the building slip and towed out across 
the current, it is let down upon the bed of the river 
and sunk through the sand by dredging machinery 
worked from above water. These are only some 
of the many devices which have been employed in 
times past, and every new situation suggests tlie 
use. of some new device for this difficult operation. 

The same remark would apply to the later opera- 
tion of building the steel superstructiire, and the 
methods of erection are too numerous to be men- 
tioned in detail Arches and girders can often be 
built upon temporary timber staging, but the building 
of the stage would sometimes be a difficult or an 



THE CIVIL ENGINEER 75 

impossible task ; and if several small spans are to be 
crossed by a continuous steel girder, the staging may 
be dispensed with. The girder can be gradually 
built up at the end of the bridge and launched 
forward upon rollers from one pier to the next 

The engineers of the Britannia Bridge built their 
tubular girders upon the deck of a pontoon lying in 
sheltered water, towed thert: otit to their destination, 
and then lifted them to the tops of the piers by 
hydraulic presses. But a still bolder plan was 
followed at the Hawkesbury Bridge, where the 
girders were carried at such a great height above the 
deck of the vessel that they would pass clear over 
the piers of the bridge, and when they had been 
navigated to their right position, they were quietly 
let down upon their supports by scuttling the 
pontoon. 

The cantilevers of the Sukkur Bridge were pro- 
jected across the rapids, by carrying out one member 
after another by means-of wire-rope overhead trails- 
port ; while the Forth cantilevers were built out 
plate by plate and without any such aid. 

Leaving the bridges, we may turn next to the 
operations of the water engineer, and we shall find 
that he works along similar lines, pursuing them in 
the same methodical fashion, and seeking always the 
best means for the accomplishment of a given end. 
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He will first ascertain the population of the town 
which needs the water-supply, and estimating for its 
probable increase within the next ten or twelve ytais, 
he will calculate the quantity of water that must be 
delivered for daily use in the town. The figure will 
govern all his later proceedings. 

He will examine every natural source that promises 
to yield a supply adequate in quantity and in quality ; 
the geological character of the neighbourhood may 
suggest the hope that it could be obtained close at 
hand by artesian wells or by steam-pumping ; but he 
will often feel greater confidence in the distant 
mountain streams, whose purity is likely to be more 
pertnanent than that of any subterranean supply in 
the vicinity of towns. The engineer, however, takes 
nothing for granted, but obtains a chemical and 
bacteriological analysis of the water, and takes steps 
to obtain a periodical gauging of the mountain 
streams, repeated all the year round. From such 
monthly or weekly gaugings he oftens learns that, 
during the winter season, the yield of such streams 
is many times greater than he needs, but is totally 
inadequate during the later months of summer ; and 
then it may be necessary to store up the super- 
abundance of the winter rains in great reservoirs to 
tide over the summer drought 

The explorations of the water engineer lead him 
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far afield over mountain and moor ; and the object 
of his quest is not the lakes but the rainfall. To 
depend upon a great lake would be something like 
living upon banked capital without an income — it 
must soon run dry, unless the quantity drawn out is 
made good by a perennial supply. Manchester, after 
all, is not supplied by Thirlmere, but by the rainfall 
upon a large catchwater area among the hills. 

In finding the best place for his impounding reser- 
voir, the engineer has a great many questions to 
consider — the collection of rainfall, the safe discharge 
of floods, the site for a dam or embankment, and the 
line and gradient of his aqueduct — for the gradient 
will govern the flow. Here, again, the surveying 
staff must take the field with duties which are not 
unlike those of the railway surveyor. These men, 
however, will not be trying to convey the water 
by long lines of arches like the old Roman aqueducts, 
but first, perhaps, by a tunnel through some moun- 
tain range — ^then by an iron pipe dipping down into 
a valley below and rising up again upon the side of 
a distant hill — then onwards by a line of culvert 
sweeping round the hill sides and nearly following 
their contour — then again dipping across another 
valley — and so on and on for the sixty or seventy 
miles to the distant town. 

The aqueduct will be so designed that, when it is 
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completed, it will certainly bring to the town every 
day the required daily supply ; but this does not com- 
plete the engineer's task — ^he must provide for its 
distribution and for a certain subsidiary storage in 
service reservoirs, lai^e enough to meet the fluctua- 
tions in the hourly demand, and to supply the wants 
of the town in case of a temporary breakdown, 
Throughout all his plans and desig^ns, from the catch- 
water area and the impounding reservoir down to the 
smallest pipe or valve, there will be no kind of ran- 
dom guesswork. £very dimension will be deter- 
mined by exact calculation, and the results will be 
as certain as human foresight can make them. 

A great municipal work of this kind may have its 
bridges or viaducts like a line of railway, but the 
greater part of the work is buried underground, and 
most people are entirely unaware of its existence— 
unless, perchance, a traveller in some remote country 
district happens to discover an isolated structure 
of singular aspect standing in the fields or woods, 
and learns by its inscription that it belongs to the 
waterworks of some far-distant city. 

As the railway train passes from Warrington to 
Crewe, the passenger may see upon a neighbouring 
hill the outlines of a great Roman temple of circular 
form — it is really a water-tower upon the line of the 
Liverpool supply ; and many such monuments upon 
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a smaller scale may be discovered by the diligent 
explorer. 

Water engineering is a term that may be used 
to include many different operations — the rectifica- 
tion of rivers, the drainage of fens, and the building 
of canals, docks, harbours, and breakwaters, as well 
as works of water-supply. They all belong to the 
" Wasser-bau-kunst," as Dr. Hagen calls it ; but 
marine works are generally undertaken by men who 
form a separate branch of the profession, and the 
harbour engineer devotes himself to his own special 
subjects of study. 

His occupation brings him into continual touch 
With Nature, and his eyes are always open to notice 
what she is doing upon the seashore. In carrying 
out sea-defences, lighthouses, and breakwaters, he 
may have encountered some of her most violent 
forces, and he has also watched the more subtle 
advances by which she has obliterated the old Roman 
harbours and most of the Cinque ports. Along our 
southern coastline he does not fail to notice the per- 
sistent drifting of the shingle, the disintegration of 
the chalk cliffs, and the vast accumulation at the 
Romney Marshes. 

On the shores of the North Sea he finds himself in 
the presence of conditions totally different from those 
which generally obtain upon our western coast, and 
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learns to distinguish between the '' old seas " and the 
"younger" ones, which have not yet come to the 
limit of their tether, and are still shaping the destinies 
of the land. Here he studies with still greater atten- 
tion the great movements of the sand as it is carried 
forward by wave and current to the making of 
nature's great submarine embankments; and he 
watches their progress as they try to close, and 
yet do not close, the mouth of some harbour or 
estuary by the formation of the " harbour bar." 

In many harbours the "bar" will be the most 
serious obstacle to navigation, but its removal cannot 
often be successfully attempted by any mechanical 
appliances. The bar is itself the battl^round of 
contending forces, and the engineer will rather try to 
enlist for his purpose one of these great natural 
"sources of power" — directing the tidal currents 
or the river-flow to the accomplishment of his object 
The harbour engineer finds, therefore, an important 
subject of study in these contending forces, and 
especially in the tidal phenomena on which his 
operations so often depend. For in this matter 
nature has greatly favoured the British Islands, and 
has given us facilities which many nations do not 
possess. Many of our harbours would be almost 
inaccessible but for the daily advance of the great 
tidal wave as it makes the entire circuit of our coasts ; 
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while the Thames, which is a very small stream, 
gives us a most valuable natural harbour such as 
cannot be found in the estuaries of the far greater 
rivers which debouch in tideless seas — such as the 
Danube, the Nile, or the Mississippi. 

In commencing any work of harbour construction, 
the hydrographic survey will generally' be the first 
step, and then each work must be adapted to all its 
surroundings — the winds, waves, currents, and tidal 
range — as well as to the mercantile traffic or the 
naval purposes which it may be intended to serve. 
It would take too long a time to discuss the many 
considerations that will be kept in mind by the 
engineer as he proceeds to design and to carry out 
such works — ^the construction of breakwaters upon 
stormy coasts, the design and erection of lighthouses, 
the building of deep-water quays and the methods of 
executing their submarine foundations, the excava- 
tion of basins and wet docks, and the construction 
of graving docks, lock entrances, and building slips, 
with all their equixnnent of hydraulic or mechanical 
appliances. 

The first design of such works will demand all the 
skill, ingenuity, and experience that the engineer can 
devote to them, while their later execution will require 
his constant supervision for long periods of time. Of 
course this is true, to some extent, in railway engineer- 
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ing, bridge building, and works of water-supply^ but 
the work of the harbour engineer is often of longer 
duration. A hundred miles of railway might perhaps 
be built in two or three years, while five or six years 
may possibly be required for the completion of a 
great system of waterworks, but the construction of 
harbour works will often go on from decade to decade, 
and the execution of a great national breakwater may 
sometimes extend over half a century. 
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CHAPTER V 
THE DRAWING-OFFICE AND THE STAFF 

IN looking over the purely technical work of the 
civil engineer, we have seen that it generally pro- 
ceeds by three steps — the preliminary surveys, the 
complete design, and the actual execution of some 
public work, and they must come in the order here 
given. The surveys are a necessary basis for the com- 
plete design, and the execution cannot be commenced 
until the design has been drawn out in complete 
detail. 

Ultimately the various operations involved in the 
construction of such works will be taken in hand by 
an army of workmen under the superintendence of a 
resident engineer, living always on the spot ; or by 
contractors who employ their own engineering agents, 
staff, and workmen, and carry out the contract under 
the supervision of the resident engineer. 

In either case the operations are not undertaken in 
any haphazard way, nor directed by the conflicting 
opinions of one man here and another man there. 
The entire army moves together under its lieutenants, 
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its captains, and its commander-in-chief. Every step 
in the plan of campaign has been arranged before- 
hand, and each step must lead on to the final com- 
pletion of the whole work as it is intended to be by 
its designer. 

To define exactly wha$ the work is to be, in what 
manner and material it is to be carried out, and all the 
steps or details of its execution, the engineer must 
prepare the working drawings or contract drawings 
for each structure and every component part of it, as 
well as certain detailed specifications. All this is 
taken in hand in the engineer's office by the various 
members of the headquarters staff, including a suffi- 
cient number of junior and senior draughtsmen work- 
ing under the direction of the chief. 

Among cities that are distinguished as the fa- 
vourite resort of different arts or industries, London 
is said to be the city which contains the largest 
number of civil engineers in proportion to its popula- 
tion ; and their chambers are congregated mostly at 
Westminster, within easy reach of the Houses of 
Parliament. 

In speaking of the draughtsman's occupations, it 
is first necessary to consider what is meant by the 
word ''drawing/' for it is almost as ambiguous as 
"engineering." In its popular sense it means per- 
haps nothing more than some kind of pictorial de- 
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lineation, but we have seen that for the engineer it is 
a language. Perhaps every picture speaks to us in a 
language of its own — ^a photograph of natural scenery 
may suggest the literary style of an auctioneer's cata- 
logue, while the work of a great artist may become a 
poem. 

In the hands of the engineer, drawing is used as 
the language of construction, and employed for many 
purposes. Sometimes its object is merely descrip- 
tive, conveying certain information about existing 
things, and its value will then depend upon the com- 
pleteness of its description. A photograph may 
show us the outsides^of things, but the sections and 
cross-sections of the draughtsman will reveal their 
true inwardness, showing not only the internal con- 
struction of a machine, but also its hidden principles. 

The contract drawings which are prepared by the 
engineer will have to be regarded as legal documents, 
in which accuracy and completeness are always essen- 
tial. They will be read along with the specification, 
and the draughtsman will carefully keep this special 
obligation in view. 

But drawing, like any other language, reaches its 
highest purpose when it is used as a vehicle for con- 
veying the thoughts and ideas of intelligent m^n. If 
there is any merit in the engineer's designs, it is to be 
seen in his original drawings, and they reflect all the 
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skill and forethought and ingenuity which have en- 
aUed him to adapt his great works of construction to 
their purposes and their surroundings. 

The junior men in an engineer's office will often be 
engaged in reproducing upon tracing-paper the ori- 
ginal drawings of the chief. Such duplicate copies of 
the design will be in the hands of the resident engi- 
neer and of the contractor during the execution of 
the work, and the structure when completed will 
itself be an exact reproduction, in stone and timber 
and steel, of everything that is shown upon the 
tracing. 

The drawings will be used in the office itself for 
many purposes, including the exact measurement of 
the several items of work and material, so that when 
the ''quantities" have been taken out, the engineer 
may be enabled to frame a detailed "estimate" of 
the probable cost of the whole work. And the speci- 
fication will often be a lengthy document, describing 
every item in minute detail, so that its preparation 
will demand much care. 

Hitherto we have not seen how the original draw- 
ings are produced, and all the rest of the work must 
depend upon these ; but if we pass on to an inner 
sanctum, we may find the chief himself engaged upon 
such work, alone, or in conference with a senior 
draughtsman. The engineer is just commencing the 
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design of some new structure in a totally new situa- 
tion. He has before him a perfectly blank sheet of 
paper, and nothing more. Upon that sheet will pre- 
sently appear a drawing which is not copied from 
any older example, and which, indeed, will not repre- 
sent anything in the world that is or has been^ but 
something that is to be. Nobody knows as yet what 
shape the picture will take, for the man himself does 
not yet know. He would tell you, perhaps, that a 
week ago his mind was almost as blank as the paper; 
but he has been considering the conditions of his 
problem. 

By what sort of process will the picture make its 
first appearance in his mind, and then upon the 
paper? Is it the "scientific use of the imagination"? 
Scarcely that — for science is not generally occupied 
in designs, and a fertile imagination working at ran- 
dom would only produce random ideas. The process 
must be something far more definite and rational : 
the man's thoughts must travel in lines that will lead 
to the desired end, and by ordered stages, each step 
being taken with the end clearly in view and with 
a constant watch upon all the surrounding condi- 
tions. Perhaps the faculty is partly acquired by 
practice, and in beginning his task he will lay out 
the invisible line of thought as methodically as he 
lays out a line of railway. 
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One thing, however, is certain — ^the picture will 
appear in due time upon the paper, for it must be 
done ; and when it appears it will bear the impress 
of the man's mind. The designs of any old master 
like Brunei are as clearly marked with his own indi- 
viduality as are the paintings of Constable, although 
in a totally different way. 

We can imagine how much is comprised in such 
work if we remember that the Forth Bridge, in all its 
details, had to be designed in the engineer's office at 
Westminster before it could begin to make its ap- 
pearance upon the Firth of Forth. But the same 
creative kind of work has to be done every day upon 
a smaller scale in every engineer's office. 

There is one season of the year when the office 
shows signs of more than usual activity. Men of 
business and members of Parliament have come 
back to town after the August holidays with 
freshened vigour, and this is the sowing time for 
enterprise. 

Corporations, directors, and* company promoters 
begin to think again of some cherished scheme, and 
they know that if anything is to be done for the 
next year or more it must be put in hand at once, 
for the plans must be deposited in Parliament by 
the end of November. There is a great deal to be 
done, and no time to be lost The engineer is con- 
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suited, and a surveying party immediately takes the 
field to prepare the " Parliamentary survey." 

While this party is at work in the field, " Standing 
Orders " will be diligently consulted, and they show 
that "public notices" must first be issued by ad- 
vertisement in certain successive numbers of a local 
newspaper. These notices must describe the nature 
of the proposed work, and the line that it will 
follow, in terms that can be understood by all 
whom it may concern. The surveyed route must 
therefore be fixed, within certain "limits of devia- 
tion," in due time for the first issue of the notices. 
In these matters of legal formality, the engineer 
will generally have the assistance of a Parliamentary 
law agent, whose special experience will be valu- 
able in many of the proceedings which have yet to 
follow.^ 

When the survey has been completed, with the 
aid, perhaps, of ordnance maps and plans, the whole 
staff will be busy with the plotting of Parliamentary 
plans and sections. If the work is in England these 

^ A finger-post, celebrated in story, is said to stand somewhere 
upon the Scottish moors, informing the traveller that "if he cannot 
read he may just speir at the blacksmith's '' ; but the story was 
eclipsed by the youthful engineer who began his advertised notices 
by saying, "The proposed line of railway will commence at the point 
marked 'A' upon the plan." 
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plans will be prepared in a special form and for 
quite special objects. They have but little reference 
to any questions of engineering construction, and 
cannot serve the purpose of the later working plans. 
Their special object is rather to illustrate, for the 
information of committees and of interested parties, 
the nature and extent of the powers that are sought 
by the promoters, and the manner in which the 
proposed work might affect the landed interest of 
proprietors, and all industrial, parochial, municipal, 
county or imperial interests. 

The plans, therefore, will not give much informa- 
tion about the work itself, but they will carefully 
show every county, municipal, and parish boundary, 
and with minutest care every building, yard, field, 
and road, which will all be numbered and referred 
to in a " Book of Reference." The drawing of these 
details is a laborious task, and when it is done a 
large number of duplicate plans and sections must 
be prepared ; for a separate deposit is required, not 
only for Lords and Commons, but for each one of a 
great number of officials, including the clerk of every 
parish touched by the line. 

The work could hardly be done in time without 
the aid of Parliamentary lithographers, whose several 
studios are to be found in close proximity to the 
offices of engineers in Westminster ; and these firms 
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will have a vast amount of work to do, as they 
receive sheet after sheet from neighbouring offices. 
For some weeks before the last day for deposits their 
skilled writers and engravers will be occupied night 
and day without intermission. 

As the time draws near to its end, the work that 
still remains to be done in the engineer's office will 
often seem to present an almost hopeless task, but it 
is undertaken with a spirit which cannot fail. It is 
not unlikely that for two or three days the draughts- 
men may have to work for twenty-four hours a day, 
but a failure is a thing unheard of, and the deposits 
are made within the prescribed time, although some 
of the copies may have to be despatched by special 
messenger or special train to reach their destinations 
before the expiration of the last hour. Later on 
these plans may have to run the gauntlet of opposi- 
tion in Parliament, for there is seldom a lack of 
opposition ; but the conflict is not to-day what it has 
been in the past In older times Bills were occasion- 
ally thrown out for the non-compliance with some 
technicality in the Standing Orders, but opposition 
on Standing Orders is now very rare. It was also 
customary at one time to subject every scheme to 
intricate discussion upon its engineering merits, and 
engineers were invited to offer contradictory opinions 
upon such technical questions. But the procedure is 
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now changed. The engineer will still have the duty 
of defending his proposals before a committee of the 
Lords or Commons, but the defence will generally be 
upon broader grounds. 
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CHAPTER VI 
THE ENGINEERING PROFESSION 

A> a fish in the water, so the engineer finds his 
natural element in the pleasing occupations 
that have been described in the foregoing chapters, 
and in the equally delightful study of those great 
principles in physical science which govern all 
nature's operations, and must therefore govern his 
own. 

But the closing paragraph of the last chapter 
reminds us that the civil engineer will always have 
his relations with men as well as with things; and 
the financial scale and magnitude of his public works 
are enough to show that these relations are always 
complex and important. 

The professional duties and responsibilities of any 
engineer will obviously depend upon the particular 
position that he may occupy, and we may begin with 
that of the Engineer-in-Chief, His Parliamentary 
duties in connection with any work entrusted to his 
charge have already been mentioned, and his clients 
will depend upon his evidence in Committee as the 
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main support of their cause. At the same time his 
services may occasionally be retained in connection 
with other Bills in Parliament relating to works out- 
side his own practice. 

But we must pass on to the wider and more onerous 
duties which arise in the actual execution of his 
works of (>onstruction. Very generally these works 
will be carried out by contract, although it may 
sometimes happen that the engineer will see reason to 
recommend that his employers should proceed with- 
out the intervention of a contractor, purchasing their 
own materials, plant, and machinery, and employing 
their own workmen. In such exceptional cases the 
chief engineer, with his resident engineers and assist- 
ants, will have to take up the duties which generally 
fall to the contractor's engineering staff. What those 
duties are may presently be considered, but just now 
we may confine attention to the more usual system 
of carrying out works by contract, and the engineer's 
position under that system. 

Here we shall find that he has really inherited the 
older customs, traditions, and methods which have 
long been followed in the professional practice of the 
architect ; but he enters upon the position knowing 
full well that the contingencies and difficulties which 
lie before the contractor and himself are far greater 
than anything that the builder and the architect have 
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to contend with. The same " law of contracts," how- 
ever, applies to both classes of work. 

The architect, when called in by his client, had 
first drawn out plans and specifications for the pro- 
posed house, and when these were approved by the 
client he proceeded to draw out a contract between 
employer and builder for the due execution of the 
work. The drawings and specification taken together 
must define for the builder exactly what it is that he 
is expected to supply and to do in consideration for 
the money he is to receive ; and they must define for 
the employer exactly what it is that he demands and 
is entitled to expect in the finished building. 

To avoid any misunderstanding, it is obvious that 
the plans and specifications should be clearly appre- 
hended by both parties ; but a difference of opinion 
may easily arise between employer and builder as 
the work goes on, and an appeal must be made to 
the specification. The architect was generally ap- 
pointed under the contract as an independent referee 
on such questions, and the builder was bound to 
comply with the plans and specifications in every 
respect to the architect's satisfaction. But experience 
showed that with every precaution it was not always 
possible to avoid the occurrence of wider and deeper 
differences between the two parties who are financially 
interested, and an ultimate appeal to arbitration was 
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generally provided for in the contract The arbitrator 
nominated in the deed might either be the architect 
of the work or some other architect to be named by 
the President of the R«I.B«A. 

In applying this accustomed system to the execu- 
tion of public works, the chief engineer has to take 
all the duties of the " architect," the** builder " becomes 
some great contractor for public works, while the 
" employer " may be represented by a public company 
or their board of directors, or by a syndicate, a 
municipal corporation, or a county council. 

But here the responsibilities of the engineer are 
especially onerous, and for several reasons. 

We may notice, first, that in order to define the 
extent and scope of the contract, the architect would 
have to think of every room in the house, but the 
engineer will have to think of a thousand things 
which have not their like elsewhere, and many of 
them are discoverable only to his own foresight 

When every detail has been studied and worked 
out upon the drawings, he may perhaps be fairly sure 
that nothing has been forgotten— every visible thing 
has been completely shown and described, but there 
still remain the invisible things which cannot be 
shown upon any plans, and it is here that his greatest 
difficulties will be found. 

For example, the engineer cannot see what is 
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below ground, and some of his costliest operations 
must depend upon what he may there discover. 
Every excavation that is opened up for deep founda- 
tions, or cuttings, or tunnels, is almost sure to reveal 
some unexpected feature which could not have been 
foretold by engineer or geologist, or ascertained by 
borings. 

The digging of a concrete trench beneath some 
reservoir embankment may reveal an unsuspected 
vein of permeable material, and the trench may have 
to go fifty feet deeper than was intended. A bed of 
quicksand may be struck in the sinking of some 
shaft, or of some cylinder foundations ; and a radical 
change must at once be made, either in the method 
of procedure, or in the mechanical appliances, or 
possibly in the design of the structure itself. Or 
again, if such features are encountered in driving the 
"heading" of a tunnel, the engineer may have to 
meet the difficulty by new tactics, involving many 
changes and possibly the employment of a " Great- 
head shield " and costly pneumatic appliances. 

With many such experiences in his memory, the 
engineer knows full well that when he is framing a 
contract for his employers, he is preparing to lead an 
advance against nature in the face of masked batteries, 
that his tactics will have to be chosen according to 
the enemy's position, and that a change of front may 
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often be necessary to save the fortunes of the day. 
There is no War Office that would tie the hands of 
its generals to a prescribed line of field operations, 
and for the same reason the hands of the engineer 
must be perfectly free. 

To adapt the contract system to such contingencies 
as these, and many others of a like kind, is not an 
easy problem; and in drawing the ''conditions of 
contract" the engineer will generally prefer to co- 
operate with the law agent who may represent his 
clients. In truth, there are at least four parties who 
are concerned in this agreement — the company, the 
engineer, the contractor, and Nature^— the fourth 
party may not be mentioned in the deed, but she will 
not consent to be left out of the final reckoning. 

Accordingly, the deed of contract must define the 
position and the powers of the engineer with especial 
reference to his dealings with the foiuth party. If 
the operations are to be successful, he must be free 
to adapt his methods to the circumstances, to modify 
his designs if necessary, and to order " extra works." 
Along with this requisite, it is, of course, necessary 
that the relations between the employer and the 
contractor should be adjusted with fairness to both 
parties, and the contract may take one pf several 
alternative forms. 

In the ''lump-sum contract" the whole of the 
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contingencies are intended to fall upon the contractor, 
and he will reckon the risks accordingly. In this case 
he must include in his own estimate of cost a suffi- 
cient provision for insurance against natural risk. It 
may sometimes be over-estimated, and if it is under- 
estimated he may find himself unable to complete the 
works. 

On the other hand, a " schedule contract ** may be 
so framed that the employers undertake their own 
insurance, as against the unforeseen and incalculaUe 
natural difficulties, leaving the contractor to under- 
take all responsibflities of the more ordinary kind, 
and to deal with all such contingencies as are com- 
monly inherent in every trade. The schedule con^ 
tract may be drawn in two or three different forms, 
but in general it will be accompanied by a detailed 
" bill of quantities," which have been calculated either 
by the engineer or by a firm of " quantity surveyors," 
and with due provision for all the different classes of 
extra work. 

It would be impossible within the limits of this 
chapter to describe all the numerous vicissitudes of 
contract work, as they are known to the experience 
of engineers. It is enough to say that they will 
often impose upon the chief responsibilities of a 
most onerous kind ; and we must not omit to 
mention the duties which he may sometimes have 
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to undertake as sole arbitrator in the settlement of 
disputed contracts. 

If we now turn to the resident engineer, there will 
be no difficulty in realising his position in the fields 
and his varied responsibilities. He acts on behalf of 
his chief, and if the work is extensive, he will be 
assisted by several junior officers, who will probably 
lay out the lines of the work, and keep constant 
watch over the operations in different parts of the 
field. These junior lieutenants will keep in continual 
touch with their captain, while the resident will 
always be en rapport with headquarters. The dis- 
tinguishing virtue of these field officers is that they 
know when to obey, and they know when to do 
something else. They have before them the plans 
and specifications, and also further detailed instruc- 
tions, both written and verbal, and any departure 
from orders would be a serious matter for the officer, 
and yet the man would be of little use unless be 
could act for himself upon emergency. If a change 
of tactics in this warfare with nature should be 
suggested by any threatened attack, the resident will 
never wish to take the responsibility without imme-. 
diate conference with his chief ; but if the emergency 
calls for prompt action he must not hesitate, and if 
he uses the blind eye at the right moment, he will 
only be congratulated. 
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Among the professional occupations of the civil 
engineer, we certainly must not omit to mention 
^hose of the contractbr's engineering staff, although 
it would be quite out of place in this volume to enter 
upon any description of the contractor's important 
business, or any of his great financial operations. 
The part that he has played in the actual extension 
of engineering work has been probably quite as 
valuable as that of the professional engineer, and 
tribute has already been paid to the enterprise and 
the indispensable business capacity of such old 
pioneers as Peto, Brassey, and Betts, while everyone 
knows how much the world is indebted to the later 
work of such men as Sir W. Arrol, Very often the 
contractor is himself an engineer, eminent in skill 
and ingenuity, while his chief engineering agent 
must always be a civil engineer, for he will be 
entrusted with duties and responsibilities which, in 
some cases, are not less important than those of the 
company's staff. If the work is an extensive one, 
the chief agent will be represented in the field by a 
number of district agents, each of whom is an 
engineer, assisted by a local staff of juniors; and 
the allied forces of the company and contractor will 
hold many councils of war in the course of their 
operations against the common enemy. 

The distinguishing occupations and duties of the 
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contractor's engineer are already sug g e s ted to us 
by what has gone before. He will have to organise 
the entire army of operatives in all its branches^ and 
in every part of the field he must direct their daily 
operations for the accomplishment of his end — which 
is the ultimate completion of the work as required by 
the compan)r's chief engineer. He must obtain or 
manufacture all the materials required for its con- 
struction, and he often finds that he has to manu- 
facture them. He will have to design and to build 
sheds, warehouses, mills, and a number of temporary 
works, including very often temporary railwasrs for 
the conveyance of materials, and workshops for the 
production or the maintenance of machinery. He 
will often employ locomotives, raUway waggons, 
dredging plant, steam cranes, pumping machinery, 
electric lighting plant, and an endless list of mechani- 
cal or electrical appliances. It is obvious, therefore, 
that he must lay out his own line of operations by 
his own skill and foresight, although at every step 
he may have to comply with all such special con- 
ditions as may have been dictated by the judgment 
of the company's engineer in the ultimate interests 
of the completed work. 

It will readily be seen that all these men, on both 
sides, are placed in a professional position of con- 
fidential trust, and while the duties of the contractor's 
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staff are more varied, they are not less onerous 
than those of the company's engineers. But they 
have the satisfaction of knowing that the contractor 
is a man who is himself acquainted with their diffi- 
culties, and can appreciate the vicissitudes of their 
conflict with nature — an advantage which the chief 
engineer does not always possess. 

Hitherto we have confined our attention to the 
es^ecution of new works of construction, but the 
engineering profession must, of course, embrace a 
great number of men who are engaged as permanent 
officials; for the conditions of modern life depend 
upon the continued exercise of engineering skill at 
every point. It will not be possible, within the 
limits of this volume, to obtain anything more 
than a brief glance at these numerous occupations. 

Each of the large railway companies has its perma- 
nent staff of engineering officials, including not only 
the locomotive department, but also an engineer's 
office for the maintenance of works, and often a 
separate office for the construction of extensions. 

Every large town or city must have its municipal 
engineers, and they will often preside over different 
departments. The city engineer, the water engineer, 
the gas engineer, and the electrical engineer will all 
have their separate offices and assistants. 

In the same way every harbour board, lighthouse 
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board, or dock corporation must retain its permanent 
staff of engineering officials, as well as every river 
conservancy. With all these men engaged in the 
occupations of civil life, we must place also the civil 
engineers and assistant civil engineers employed by 
the Admiralty in connection with naval harbours, 
dockyards, and coaling stations at home and abroad. 

If we turn for a moment from civil to mechanical 
and electrical engineering, we may remember that 
the making of engines, dynamos, and motors has 
now become a regular manufacture. Large sums of 
capital have been expended in establishing the work- 
shops and machinery by which they are turned out^ 
and their continued reproduction does not require 
in every case the expenditure of thought and labour 
upon a new design : but a certain number of salaried 
officials will nevertheless be retained, and every large 
shop will at least have its manager and its drawing- 
office staff. 

At the same time the maintenance and the man- 
agement of machinery will always require engineer- 
ing skill ; and in this connection we cannot forget 
the important duties of the engineer officers in the 
naval and in the mercantile marine : for every war- 
ship to-day is a complex fighting- machine, filled 
with appliances mechanical, hydraulic, and electrical 
from stem to stern. All these appointments, how- 
ever, lie outside the range of civil engineering. 
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In conclusion, we may notice that the civil 
engineer will frequently be working in co-operation 
with the members of other professions : the barrister 
and the law agent will have their relations with him 
in Parliamentary committee rooms or in Court of 
Arbitration, while he may often be connected with 
the architect or in consultation with the chemist or 
the geologist. Whenever the consulting engineer is 
called upon to report upon questions which involve 
matters lying outside the proper range of his own 
profession, he will prefer to call in the aid of the 
specialist : thus he will depend upon the chemist for 
the analysis of water, and upon the geologist for 
many questions that may affect the character of his 
Report. He will find his responsibilities wide enough 
without seeking to extend them. 



CHAPTER VII 
SCIENCE AND ENGINEERING 

IN speaking here of pure science, we shall be 
almost wholly concerned with the three great 
divisions, namely, mathematics, physics (or natural 
philosophy), and chemistry, which deal with the 
known phenomena of inorganic nature : and if these 
three are not the only '' positive sciences," they are, 
at least, pre-eminently entitled to that name. 

Of course, engineering is not a pure science like 
one of these, for although its methods may be very 
similar to theirs, its objects are quite different The 
one declared object, and perhaps t;be only proper 
one, for the pure scientist is the acquisition of know- 
ledge for its own sake, and we all know how greatly 
his discoveries have added to our knowledge of the 
universe: but he has nothing to say about the 
adaptation of means to a useful end ; if he has con- 
tributed to the "use and convenience of man," he 
has done so inadvertently, and we sometimes find 
him protesting his innocence of any such object or 
intention, 

io6 
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Engineering and medicine must stand by them- 
selves in this matter, and while they follow Bacon's 
philosophic ideal, they must accept the reproach of 
working for an object that shall be useful to mankind. 

To distinguish engineering from the pure sciences 
it has often been called an '* applied science," and yet 
this term might be easily misunderstood. Its true 
character has been illustrated to some extent in the 
preceding chapters, and we have seen that engineer- 
ing does not consist in the mere application of 
mathematics, physics, or chemistry, and that it 
demands the exercise of some faculties which are not 
called for in the pursuit of science. 

But science has framed for us its invaluable 
theories, explaining in rational terms the universal 
principles of Natural Law, and there is nobckiy who 
needs this kind of knowledge so much as the engineer; 
for in every branch of his profession he meets the 
great forces of nature, and he can scarcely hope to 
deal with them successfully unless he understands 
them. Such knowledge is, therefore, a source of power 
for him, and he must adapt, convert, and apply it to 
his own purposes — for his problems are quite different 
from those of the physicist, and he may often have 
to seek out truth by his own exploration of fields 
which have not been touched by pure science. 

There is, therefore, a distinct science of engineering, 
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which, like physics, is based partly upon experiment 
and partly upon the exercise of pure reason. The 
engineer must frame his own theories, and like the 
theories of the scientist, they will be the most rational 
explanation that he can give for the known facts, or 
the best answer that he can find for the questions 
which confront him in his own practice. 

In the Prologue to Rankine's work on Civil 
Engineering we have, from that master of science, a 
learned essay upon the fallacy of the supposed an- 
tagonism between theory and practice. 

We often hear it said that things which are true 
in theory are generally untrue in practice, and if the 
proverb is only a contradiction in terms, it has served 
to throw doubt and discredit upon the use of scientific 
method in engineering. In truth, it can mean only 
that our theories are sometimes incomplete, owing 
to the limitations of human knowledge, and it cannot 
mean that we should dispense with the use of rational 
methods. 

Rankine's essay reminds us, however, that a very 
real antagonism existed for a long time between two 
opposite schools of engineering, and mainly on this 
question. Thus Smeaton is said to have expressed 
the greatest mistrust for what was called theory, and 
for people who would thrust it into practical matters; 
and yet he was himself the writer of many admirable 
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papers upon the scientific principles of engineering. 
The fact is, that down to Smeaton*s time science had 
not been much occupied with the actual problems of 
engineering: its methods were often based upon 
certain assumptions which were convenient for the 
mathematician, but were far removed from the actual 
facts; and theories of this kind could be of no service 
to the engineer. So the practical man left the 
theories alone, just as the scientist had left the hard 
facts alone, and each went his own way — the man 
of science in the academy and the practical man in 
the field. Their paths lay far apart, and as they 
seldom met, neither could get much help from the 
other. 

All this time, however, the practical man was cer- 
tainly following his own "theories," and they were 
often inexact — they needed to be explicitly framed 
in the language of science, and based upon the prac- 
tical facts that were known to him. For many years 
the mathematician, the physicist, and the engineer 
have been working together in this direction, for the 
embers of the old controversy have nearly died out, 
and it cannot be said to-day that the engineer is in 
one camp and the man of science in another. 

The practical uses of science in engineering may 
obviously include the following: To discover and 
express the truth about things as they are in nature 
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— ^to examine or demonstrate the principles on which 
the engineer's projects may depend — and to suggest 
to him some expedient which he might usefully 
adopt; but in modern times theory has found a 
more general use in the necessary keeping of accounis 
with nature. For the engineer has large transactions 
with nature, and the book-keeping is quite as im- 
portant here as it is in any money business. 

The bridge-builder, for example, must calculate aU 
the destructive forces that are engaged against him, 
and their effects upon all the internal members of 
his structure, and on the credit side he must set such 
countervailing forces or resistances as shall be ade- 
quate for his purpose. Again, if his work lies in the 
employment of power, and its transformation from 
one kind of energy into another, the engineer is 
constantly undertaking some process of conversion, 
and the process is always an exchange— ^sometimes 
from the current coin of one realm of nature to that 
of another ; but always an exchange in which nature 
keeps strict account, although the engineer knows 
that he will get his proper value if he can arraiq|io 
the transaction without waste. In every department 
the practice of modern engineering will proceed, in 
the same way, by precise measurement and calcula- 
tion of all the quantities that may be concerned. 

The draughtsman and the surveyor must evidently 
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depend upon the principles of geometry for all their 
work in the office or in the field. The propositions 
of Euclid and the methods of trigonometry will be 
studied not merely as an exercise for mental train- 
ing, but in view of practical objects which will lend 
them an additional interest, and will give rise to a 
number of new problems. 

But geometry will also be used for other and 
quite different purposes: for the lines and areas of 
a diagram may be understood as representing all 
sorts of quantities, visible and invisible. Instead of 
measuring the actual lines and areas which the sur- 
veyor has to delineate upon his plan, they may be 
used to represent forces, moments, and stresses — or 
pressure, volume, and work— -or volts, amperes, and 
watts — or temperature, entropy, and heat. It is 
here that the engineer finds the great value of 
analytical geometry, for it not only illustrates the 
relations between certain algebraical functions, but 
also between those invisible things which he is con- 
stantly dealing with. If he draws out the " conic 
sections " and their derived curves, it is not to trace 
the form of any cone, nor to illustrate the values of ;r 
and y^ but for some very different purpose — it may 
be to study the expansion of a gas, or to find the 
stresses in a continuous girder, or to solve some other 
out of the many problems which can best be treated 
by such methods. 
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For many of his calculations he will need all the 
help that he can obtain from the use of mathematics ; 
he will constantly find occasion to employ some of 
the well-known methods of algebra, though others 
may be of little service to him ; and he will find his 
best instruments of research in the differential and 
the integral calculus. But all these methods will be 
only a means to an end, and in using them his mind 
will be fixed, not upon the process or the symbols, 
but upon the actual conditions of the physical 
problem which he is trying to solve. 

Passing on to the realm of mechanics, he will have 
to deal, not only with space, but with force, matter, 
and motion, measuring them all in suitable units, and 
studying the relations between them. The main 
principles of the science are as old as Sir Isaac 
Newton, and are, of course, applicable to all material 
things — to the governor-balls of a steam engine just 
as certainly as to the planets. Its study may be 
taken under the two heads of Statics and Dynamics, 
and the first will be applied by the civil engineer to 
all those structures which are intended to stand, and 
not to move : it will form, therefore, the groundwork 
of his theory of construction, 

A complete theory of construction has perhaps not 
yet been written, but the books and the scientific 
papers which deal with the subject in its many 
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branches would already suffice to fill a small library. 
A large number of practical^uestions can be treated 
by the simple principles of statical equilibrium, and 
they will serve, first, to examine the stability of a 
structure or intended structure, and^ secondly, to dis- 
cover the magnitude of unknown forces and stresses. 

Looking first at the question of stability, we can 
easily see^its importance in the theory of arches and 
suspension bridges as well as in the equilibrium of 
floating vessels. 

Probably the old Romans did not know that the 
curve which is naturally assumed by the flexible 
suspension chain, when hanging across a span, would 
give-them a correct outline for an arch carrying the 
skme load, if only the curve were turned upside 
down. They must have learned by experience how 
to build their semicircular arches with unfailing 
success, but they could not venture to design such 
masonry bridges as those which now cross the 
Thames or the Seine, and no modern engineer would 
venture to do it without consulting the theory of 
equilibrium. 

In like manner the shipbuilder may successfully, 
and without much calculation, build one vessel after 
another upon similar lines and with a similar dis- 
tribution of loads ; but the engineer will often have 
to design floating caissons and pontoons, whose form 
I 
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and whose manner of loading are quite unfamiliar to 
the practice of the shipbuilder, and he must carefully 
study the theory of stability if he does not wish them 
to " turn turtle " as soon as they are launched.^ 

Turning next to the design of braced girders and 
cantilever bridges in iron or steel, we meet with 
another group of questions relating to the strength 
of each part, as well as the stability of the whole 
work. No engineer would now design such girders 
without calculating the stress that each member will 
have to bear, and very often this will be done by the 
" method of moments," which is a simple application 
of principles of equilibrium. Whenever a merchant 
uses the steelyard to weigh his goods, he is really 
determining the magnitude of an unknown force, and 
the engineer finds the unknown stresses by a process 
which is equally certain — weighing them, in fact, and 
using the bridge itself as an imaginary steelyard. 

But bridge calculations are not always such a 
simple matter. In the case of an ordinary steel 
arch or continuous girder, the stresses can only be 
discovered by a complex analysis which takes 
account of the elastic bending of the structure ; for 

^ The problem of navigation upon water does not begin with 
questions of power and propulsion, but rather with these questions of 
stability ; and whenever aerial flight or navigation may be practically 
taken in hand by the engineer, his first study must be directed to the 
stabilityfof the airship. 
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if the steel were not elastic, the stress would often be 
incalculable. 

However, the calculation of stress Is only one-half 
of the problem, and the " strength of materials " is 
the other half. Here also their elasticity is an im- 
portant question, for it sometimes gov^ns the 
strength, as it does, for example, in a long and 
slender column. All these matters are, of course, 
subjects of experiment, and the engineer will make 
frequent use of the testing machine to ensure the 
safety of his work. 

It may be said of the entire theory of construction 
that it has grown up along with the development of 
engineering practice, sometimes following and some- 
times leading it. There was probably no written 
theory of arches until after the Romans had built 
them, and a new departure in practice has often 
called for an extension in theory. But the study of 
these scientific principles has suggested most of the 
modem improvements. It has directed all the 
developments > of iron bridge construction, and is 
to-day the only possible guide for the design of 
large bridges. 

If we now go on from structures to machines we 
bring in at once the element of motion—- for machines 
are intended to go — and we pass from statics to 
dynamics. The casual visitor, looking at machinery 
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occasito may require. This is generally the function 
of such mechanism as wheels and axles, belts and 
pulleys, shafting and gearing ; and they all consume 
some part of the original power in frictional work, 
transmitting only the remainder for the performance 
of "useful work." For every transaction of con- 
version or exchange nature keeps a strict account, 
and the engineer will do the same: the ''enei^ 
expended " appears on one side of the account, and 
the " work done " is to be entered on the other side. 
There is always some loss on the exchange, owing 
to wasted work or lost energy, and the useful work 
is the net balance. 

In electrical engineering, again, the "transformer" 
and the '^rotary converter" are machines which 
have similar functions to fulfil — for electrical power 
is the product of the current and the electro-motive 
force. Thus if we have a given power, we can use 
these appliances for putting it into convenient shape 
— the " step-down " machine will give us a larger 
current at lower voltage, while the "step-up" will 
turn it into a small current at very high voltage, and 
in this latter shsipe it can be more economically 
transmitted through a long line of cable. Here, 
again, there is an inevitable loss on every exchange, 
but in these electrical machines the losses are very 
small. 
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The actual transformation of energy, from one kind 
into some different kind, is another of these transac- 
tions with nature, and it is like an exchange from 
French money into English, or the converse. For 
example, when electricity is employed by engineers 
for power purposes, the electric energy is always pro- 
duced by the mechanical energy of the steam engine 
or of the water-wheel, and then the power of the 
electric current is reconverted into mechanical power. 
Nature has only one rate of exchange for the transac- 
tion in either direction, and it has been ascertained 
with great exactness by the electrician. The rate 
never varies, and one horse-power is always equiva- 
lent to 746 "watts," or one kilo-watt to about 
\\ horse-power — the watt and the horse-power being 
the current coins in these realms of science, like the 
franc and the pound sterling.^ 

As between mechanical and electrical energy, we 
may regard magnetism as a connecting link. The 
mechanical force which actually propels the electric 
tram-car is the force of magnetic attraction and 
repulsion ; and when the steam engine is driving a 
dynamo it expends its whole power in working 



^ The watt being a measure of electrical power is the product of 
volts multiplied by the amperes of current. The parallel would be more 
exact if we likened the transaction to an exchange between francs per 
annum and pounds per annum. 
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in motion, is perhaps only interested in seeing fhe 
wheels go round, but the object of the engineer is 
always the performance of " useful work/' and the 
work can only be done by a corresponding ex- 
penditure of "energy." The two quantities, work 
and energy, are measured in the same units, and the 
energy must be wholly derived from some natural 
source of power, for the mechanism adds nothing to 
it. But die mechanism can be designed for storit^ 
or for transforming energy, and each of these opera- 
tions is like a money transaction in business. It is 
worth while to look at the keeping of accounts. 

Just as the merchant stores his money with the 
banker, so the engineer can lay up a store of energy, 
and can get it paid back at die moment when his 
business requires it. Such transactions are repeated 
very rapidly in the case of the fly-wheel, and nature 
charges no commission at all upon this short running 
account. But let us notice next that work (and 
therefore energy) is the product of power and time-^ 
the work done is the effect produced by a given 
power working steadily for a given time ; and 
although mechanism cannot add to the stored 
energy, it enables us to draw out the store from 
nature's bank, at any rate that we please. 

By means of clockwork, for example, we lay up 
in a few seconds of time a certain store of energy, 
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which is slowly paid back during the next twenty- 
four hours or the next eight days; and conversely 
we can employ an engine of small power to go on 
storing energy at leisure in the hydraulic accumu- 
lator, and then we can draw it off as rapidly as we 
please, exhausting the whole store, perhaps, in less 
than a minute, and so obtaining a very high powe^ 
for a short interval of time — a very convenient 
arrangement for some purposes, such as the occa- 
sional working of swing - bridges. When such 
mechanism is employed for banking a store of 
energy, there is always something to pay on the 
transaction, so that we do not quite get the full 
value, in useful work, for the energy we have stored 
—but the engineer keeps the losses down as far as 
he can. 

By various machines of another kind we can effect 
a regular and continuous conversion of power, so as 
to take out the value in one shape or another as may 
best suit the particular character of the work in 
hand. For '' power " may be regarded as the product 
of force and speed, just as the money value of goods 
is the product of their quantity and their price. If, 
therefore, we have a steam engine of given power, 
we can make it apply a great motive force at slow 
speed (say, for the shearing of thick iron plates), or 
a much smaller force at a very high speed, as the 
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occasito may require. This is generally the function 
of such mechanism as wheels and axles, belts and 
pulleys, shafting and gearing ; and they all consume 
some part of the original power in frictional work, 
transmitting only the remainder for the performance 
of "useful work." For every transaction of con- 
version or exchange nature keeps a strict account, 
and the engineer will do the same: the "energy 
expended " appears on one side of the account, and 
the "work done" is to be entered on the other side. 
There is always some loss on the exchange, owing 
to wasted work or lost energy, and the useful work 
is the net balance. 

In electrical engineering, again, the "transformer'' 
and the "rotary converter" are machines which 
have similar functions to fulfil — for electrical power 
is the product of the current and the electro-motive 
force. Thus if we have a given power, we can use 
these appliances for putting it into convenient shape 
— the "step-down" machine will give us a larger 
current at lower voltage, while the "step-up" will 
turn it into a small current at very high voltage, and 
in this latter shaj^ it can be more economically 
transmitted through a long line of cable. Here, 
again, there is an inevitable loss on every exchange, 
but in these electrical machines the losses are very 
small. 
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The actual transforviaiion of energy, from one kind 
into some different kind, is another of these transac- 
tions with nature, and it is like an exchange from 
French money into English, or the converse. For 
example, when electricity is employed by engineers 
for power purposes, the electric energy is always pro- 
duced by the mechanical energy of the steam engine 
or of the water-wheel, and then the power of the 
electric current is reconverted into mechanical power. 
Nature has only one rate of exchange for the transac- 
tion in either direction, and it has been ascertained 
with great exactness by the electrician. The rate 
never varies, and one horse-power is always equiva- 
lent to 746 " watts," or one kilo-watt to about , 
1 \ horse-power — the watt and the horse-power being \ 
the current coins in these realms of science, like the 
franc and the pound sterling.^ 

As between mechanical and electrical energy^ we 
may regard magnetism as a connecting link. The 
mechanical force which actually propels the electric 
tram-car is the force of magnetic attraction and 
repulsion ; and when the steam engine is driving a 
dynamo it expends its whole power in working 



' The wati being s meaEtire of electrical fiewer is ihe product of 
volts multiplied by the amperes of current. The parallel would be more 
exact if we likened Ihe transaction lo an exchange twtween francs per 
annum and poonds per annum. 
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against similar attractions and repulsions, generating 
a current in the armature by sweeping its wires 
through certain lines of force in the magnetic field. 

If science has not explained the essential nature 
of magnetism and electricity, it has certainly ascer* 
tained with the utmost precision the laws that govern 
both of them, and if volts and amperes are intangible 
quantities, the measurements are none the less exact 
The electrical engineer can do nothing without the 
aid of these principles, and although the fundamental 
laws are expressible in simple terms, they will be 
applied to a large number of complex problems in 
the design of every dynamo or electro-motor. Each 
separate member and every feature of the machine 
will be the subject of calculation ; for its efficiency 
will depend upon the scientific selection of precisely 
correct dimensions for armatures, field-magnets, and 
their surrounding coils of copper wire. Under favour- 
able working conditions the efficiency will be very 
high: the loss incurred on each exchange— «firom 
mechanical to electric and back to mechanical energy 
— need not be more than about 5 per cent, so that 
the electro-motor can deliver about 90 per cent of the 
original power. 

We have yet to consider the source of power, and 
its first development in the prime movers — the heat- 
engine and the water-wheel ; for we cannot effect any 
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transactions of conversion pr exchange until we have 
something to convert. The electric locomotive is 
driven by the motor, but the motor derives its power 
from the transmitted current, the current from the 
generating dynamo, and the dynamo from the steam 
engine, while the steam engine takes its power from 
the heat of combustion, and this is the "source of 
power in nature," actuating all the machines in the 
series. 

The engineer's first operation, therefore, is the con- 
version of heat into mechanical energy, and the 
science of " thermo-dynamics " deals with the laws 
of nature in regard to this conversion. When the 
Red Indian lights a fire by the heat of friction, the 
pieces of wood which he rubs together are really 
a dynamo-thermic machine transforming his muscular 
energy into heat ; while the steam engine is a thermo- 
dynamic machine which effects a conversion of 
exactly opposite kind, transforming heat into me- 
chanical energy (or work) ; and in either transaction 
nature pays at the same rate of exchange. It was 
exactly ascertained by Joule, and it is : One British 
unit of heat for 774 British units of work.^ 

' The British thermal unit is the amount of heat that is required 
in raising the temperature of one pound of water by one degree 
Fahrenheit : while the other unit is the amount of work done in lifting 
a weight of one pound through a height of one foot, 1.^., one foot- 
pound. 
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Here, perhaps, we should notice the historic fact 
that the steam engine was not suggested by the 
formulated law — the discovery of the law was rather 
suggested by the steam engine. James Watt had 
devised the engine for the distinct purpose of thermo- 
dynamic conversion, and it had been converting heat 
into work for at least forty years before Joule an- 
nounced the " First Law of Thermo-dynamics," which 
states that heat can be converted into work, and lays 
down the exact rate of exchange. 

The " First Law " does not mention that there are 
any limits to this process of conversion, and if there 
were none we might imagine that the engine was 
getting scanty payment in return for its expenditure 
of heat This matter came to be explained, how- 
ever, by the " Second Law," which shows that Nature 
pays honestly for all that she really takes, but she 
fixes certain limits to the process of conversion. 
She is willing, apparently, to begin at a point which 
may be as high as we like upon the scale of the 
thermometer, but when we get down to a certain 
point she stops business altogether, and will take 
no more heat at any price; and the result is that 
we are left with a certain stock of unconvertible heat 
upon our hands. This point is reached when we get 
down to the temperature of the surrounding objects 
in nature, and although we can go below it by 
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artificial processes, there is nothing to be gained 
by doing so.^ It does not appear that Nature will 
transact the exchange on any other terms, and there 
is no sort of heat engine that escapes them. The 
way seems blocked in every direction, and the 
Second Law reveals the barrier. This law has been 
written in four different forms by Clausius, Rankine, 
Clark Maxwell, and Lord Kelvin, and in each case it 
stands like a notice-board inscribed with the words, 
" No thoroughfare." 

In designing a heat engine it is always useful to 
know beforehand what cannot be done, as well as 
what can ; but in looking at the limits to this con^ 
version we must never lose sight of the enormous 
boon which Nature really confers in the exchange. 
The fact of primary importance to us is that she 
has given us the coal, and in the coal a store of 
energy so rich that we often fail to appreciate it 
If it were required to lift a load of a hundred tons 
to the top of St. PauPs Cathedral, the work could 
be done, in spite of all the drawbacks, by burning 
less than six-pennyworth of coal. A single pound 
of coal, in the furnace of a steam engine, will do as 
much work as ten thousand pounds of water falling 
over Niagara. 

^ We have, in fact, to give back some power if we wish to produce 
any artificial cooling below climatic temperature, and on the whole this 
further transaction will be a losing one. . 
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When used in a good condensing engine, the 
practical rate of exchange will be about one pound 
of coal for eleven or twelve hundred thousand units 
of work. 

Apart from thermo-djmamics there has long been 
a theory of the steam engine relating to its visible 
mechanism and to the properties of steam, as ascer- 
tained mainly by the experiments of Rq^ault, and 
this theory must always be consulted by the practical 
engineer, who will work out his power-proUems in 
units of pressure and volume. At the same time 
the thermo-dynamic methods, working by tempera- 
ture and "entropy," will find useful applications in 
engineering, as they do also in chemistry and in 
physics. They have, perhaps, not suggested any 
important mechanical feature in the steam engine^ 
but they point the way to a higher efficiency in the 
gas engine and the oil engine. 

When George Stephenson was asked to account 
for the great power of his locomotive, he suggested 
that it was perhaps only restoring the work v/bich 
had been done long ago by the sun's rays in laying 
up the atoms of carbon in the coal measures. And 
the power of die turbine or any other water-wheel 
must be traced back to the same ultimate source. 
The water of our rivers, as it descends to sea-level 
under the action of gravity, is only restoring the 




SCIENCE AND ENGINEERING 125 

work that was done upon it by the sun's rays when 
it was h'fted to the mountain-tops against the same 
force of gravity, and deposited in the form of rain or 
snow. 

As it falls through a height of about 140 ft. at 
Niagara, every pound of water restores 140 foot- 
pounds of that work, and the energy is expended in 
mechanical form so that no transformation is needed. 
The turbine will often exhibit an efficiency of 80 or 
85 per cent, and for every pound of water will give 
us something like no or 120 foot-pounds of useful 
work, when the fall is as great as this vertical drop 
of 140 ft. at Niagara. In our own country we have 
no such great and lofty waterfalls. Not only is the 
discharge of our rivers very much smaller, but the 
work to be obtained from each pound of the water 
is at the same time less, being proportional, of 
course, to the smaller height of the fall. 

To make the best use of such ordinary sources of 
water-power, the engineer will generally have to 
carry out large works of construction for the coUec- 
tion, storage, and conveyance of the water — such as 
are not required at Niagara. 

In this matter of water-conveyance, whether for 
power-purposes or for the supply of towns, the 
engineer will be entirely guided by the scientific 
principles of hydraulics. All the numerous questions 
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relating to water-pressure and its effect upon his 
various structures will be determined by the absolute 
laws of hydrostatics, while the science of hydro- 
dynamics will furnish the sdution for many problems 
connected with the design of his turbines. 

The flow of water in pipes, channels^ and natural 
streams is, however, a subject which presents excep* 
tional difficulties, and cannot as yet be treated by 
any mathematical deductions from hydrodynamics. 
Galileo found it harder to understand than any prob- 
lem connected with the motion of the stars, and it 
still remains a question which can only be safely 
treated, by experimental inquiry. But for many 
years past the hydraulicians of all civilised countries 
have united in prosecuting these experiments, and 
their co-ordinated results have been expressed in such 
mathematical form as to furnish a reliable basis for 
the practice of the hydraulic eng^ineer. We have 
already seen that he continually makes use of such 
formulas in all his operations, fixing each detail in 
his designs by the aid of precise calculation. 

Indeed, the same remark might be applied to almost 
every branch of engineering practice. In times that 
have gone by, many great works of construction were 
initiated and successfully carried out without mudi 
help or leading from science; but since that time 
science has become more practical, and practice has 
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become more scientific. It would be easy to mention 
a number of important problems which cannot be 
safely treated by any theory that stands written to- 
day in the text-books ; and in all such matters the 
civil engineer must still rely upon the teaching of 
experience, and upon the instinctive leanings of what 
he would call common-sense. But scientific reason- 
ing has been applied to the actual practical conditions 
which surround most of his problems, and its invalu- 
able guidance has become indispensable to the modern 
engineer. 



CHAPTER VIII 
EDUCATION 

THE British public is perhaps beginning to get 
tired of the educationist, for it is very difficult 
to follow all the ins and outs of his subject, although 
it has lately been so widely discussed. All the world, 
however, is agreed in recognising the importance of 
education. 

In discussing educational systems or methods^ the 
question whether they are well or ill adapted for their 
purposes cannot be rationally answered until we have 
clearly defined in each case what the purpose is. We 
are here especially concerned with the education of a 
civil engineer, and we must therefore carefully inquire 
— ^what are the objects to be served by an education 
in engineering, by what sort of study those objects 
are to be attained, and what facilities exist for the 
prosecution of such studies. 

The answer that must now be given to these 
questions is, of course^ very different from what it 
would have been fifty years ago. There is, perhaps, 
no reason why the teaching of Latin and Greek 
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should undergo any change from one generation to 
another ; but in engineering the subject-matter that 
is teachable by any sort of process is not a constant 
quantity, for whether we regard it as a practical art 
or a progressive science, the subject grows with the 
widening experience of the engineer and with the 
constant advance of science. 

The pioneers of civil engineering a hundred years 
ago had to lay the very foundations of the art. They 
were generally self-taught men, relying very much 
upon the independent use of reason, but studying 
every available source of scientific knowledge, and 
learning much from experience. 

The Institution of Civil Engineers was founded in 
l8f8 for the acquisition of such knowledge, but it 
did not undertake any educational work. Its objects 
were promoted by the reading and discussion of 
papers in the theatre of the institution, and by their 
publication in the Minutes of Proceedings.^ 

Through the earlier part of the nineteenth century 
it may be said that English people had scarcely 
heard of a special education in engineering. To 
many of them the engineer himself was almost a 



^ These volumes contain an extensive series of papers dealing very 
fully with the practice and the science of engineering, and they form a 
library of useful information for the engineer, relating to every branch 
of his profession. 
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mythical personage. His work appeared to be some- 
thing entirely new and strange, not to say ^un« 
canny," and by some people his methods were re- 
garded as a new kind of trade secret — to be learned, 
perhaps, by personal acquaintance with the mysterious 
practitioner, and not in any other way. 

At the same time, there were other people, es- 
pecially, perhaps, in France and Germany, who looked 
at the matter very differently, and treated engineer- 
ing as the mere application of known science. The 
student, after going through a r^^lar course of 
physics and mathematics, was supposed to be fully 
equipped for the arduous duties of an engineer. 

Thus the long warfare between the followers of 
" theory " and of " practice " began in the educational 
systems — in one school the pupil apprentice had 
picked up valuable knowledge by observation, and 
possibly without a glimmering of scientific method 
— while the academy student had learned his science 
from men who knew nothing whatever of engineering. 
When these students came to meet it was not likely, 
that they could agree : each man had been satisfied 
with the half of an education, and there was scarcely 
anything in common between them. 

From such disconnected methods of learning a 
great step in advance was made when, in 1840, the 
University of Glasgow adopted the specific subject 
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of civil engineering, for the first time, as an in- 
corporated part of University training. The founda-^ 
tion of the Chair meant, at least, that science and 
engineering were not to be divorced, but brought to- 
gether on the same plane. The great literary works 
of Professor Rankine remain with us to show how far 
he carried his investigations into new regions of 
practical inquiry, and they also show how he could 
use the problems of engineering as an exercise for 
those mental faculties whose cultivation is the worthy 
aim of all University work. For such purely educa- 
tional objects the modern problems of engineering 
are perhaps better than the old problems of Euclid, 
because they are so much higher and so much 
deeper. 

When Glasgow had set the example, it was fol- 
lowed by the University of Edinburgh, and also by 
Saint Andrews, which is the most ancient of the 
Scottish Universities, its original foundation dating 
from 141 1 A.D. It is also probable that a Chair of 
Engineering will shortly be established at the 
University of Aberdeen. 

For a long time Oxford and Cambridge would 
have nothing to do with the new subject, although 
its study is now carried forward at Cambridge at 
a level which befits the traditions of that home of 
mathematics. In London it was first taken up by 
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University CoU^[e and King's CoIl^;e, which will 
now be merged in the University of London, and 
since that time Chairs of Engineering have been 
established in the University of Durham, in Mason's 
College, Birmingham (now the University of Bir- 
mingham), and in the colleges of Manchester, Liver- 
pool, and Leeds, which are grouped under the Royal 
Charter of the Victoria University, and also in the 
University of Wales. In Ireland a School of 
Engineering has existed in Dublin University since 
1842, and has been extended to the Queen's Colleges 
of Cork, Belfast, and Galway. 

In all these Universities degrees are now conferred 
in Engineering, or in Civil Engineering, or in Science 
under the special divisional title of engineering. In 
Scotland engineering is treated as a Department in 
the Faculty of Science, while in some other Universi- 
ties there is a separate Faculty of Engineering. At 
the same time the subject has come to form part of 
the teaching in a great many University Colleges, 
including those of Bristol, Nottingham, Sheffield, and 
Cardiff, as also in the Heriot Watt Collie at Edin* 
burgh, and in the Glasgow and West of Scotland 
Technical Collie, while it forms the special subject 
of study in the Royal Indian Engineering College at 
Cooper's Hill. 

During the latter half of the century the import- 
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ance of technical education in connection with all 
our industrial arts and manufactures beg^n to be 
clearly recognised, and the Livery Companies of 
London combined for the purpose of developing a 
general scheme of technical instruction " adapted to 
the requirements of all classes of persons engaged 
in productive industry." The scheme provided for 
the foundation in London of a central institution 
for higher technical instruction ; for the establishment 
of, or for assistance to, trade schools ; for the conduct 
of examinations in technology; and for the sub- 
sidising of other institutions in London or in the 
provinces, having cognate objects. Thus the City 
and Guilds of London Institute was established in 
the year 1880, and it possesses two teaching estab- 
lishments in London — the Central Institution at 
South Kensington, and the Technical College at 
Finsbury. Their main objects are "to point out 
the application of different branches of science to 
various manufacturing industries," and they include 
courses of instruction for engineers. The operations 
at the Finsbury College are divided into separate 
day and evening classes, and the latter are largely 
attended by students from fourteen to forty years of 
age, the great majority of them being employed 
during the day in workshops or in factories. The 
evening classes include such subjects as plumbing, 
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metal-work, carpentry and joinery, cabinet-making, 
builders' quantities, practical geometry, etc. 

With similar objects in view, a very lai^ number 
of technical schools and institutes have now been 
established all over the country, working with the 
assistance and under the regulations of the City and 
Guilds Institute, or of the Science and Art Depart- 
ment They provide instruction in most of those 
branches of science which relate to engrineering, and 
their classes are attended by large numbers of even- 
ing students who are engaged in their various occu- 
pations during the day. 

Without extending the list any further, it is 
already evident that our educational facilities to- 
day are wide in extent, and in many of our cities 
the University and the Technical School are working 
side by side. We need not here attempt to look at 
the programme of work which is followed in each of 
these numerous institutions,^ but we shall presently 
have to consider what objects are really to be 
attained by a college training, and some account 
of the students' usual line of work must therefore 
be given. 

The University student will carry on his progres- 
sive studies in the four subjects of mathematics, 

^ In every case the syllabus of lectures and practical work will be set 
forth in detail in the published calendar, together with all regnlatioiis 
for preliminary ezaminatioiis, final examinations and degrees or diplomas. 
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physics, chemistry, and engineering, taking, perhaps, 
three of them side by side in one session. Every 
day, therefore, he will pass from his own department 
to the adjacent lecture-halls and laboratories of two 
or three others. His course (for graduation) will 
generally extend over three academic years. 

The courses in mathematics will comprise every 
branch of the subject that will usually be applied in 
engineering, at least as far as the integral calculus ; 
and they may be supplemented by a special course 
in applied mathematics or applied mechanics. 

In the Department of Physics or Natural Phil- 
osophy the lectures will deal with the subject of 
dynamics, and with the physical laws of sound, light, 
heat, magnetism, and electricity ; while their visible 
phenomena will be illustrated and studied in a 
parallel course of practical physics by actual ex- 
periment and measurement in the laboratory. After 
these it will be open to the student to go on for a 
course of applied electricity (or electrical engineer- 
ing) as an optional subject. It will obviously be 
chosen by the man who looks forward to the work 
of an electrical engineer, while the civil engineering 
student may substitute a course in geology, or he 
has the alternative of following a special course of 
systematic research in the laboratory.^ 

^ These are the options allowed in the regulations of the Scottish 
Universities for a degree in engineering. 
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In the Department of Engineering the student's time 
will be divided between the lecture-hall, the drawing- 
office, the laboratory, and the field. The lectures will 
include several courses, or half - courses, theoretical 
and practical. The theory of engineering embraces so 
many questions that a full discussion of them would 
more than take up the whole of the student's time, 
but the winter lectures will deal with the problems 
which most frequently arise in the engineer's practice. 
At the same time the concurrent descriptive lectures 
will treat of the practical operations of the ei^neer, 
the actual materials of construction, their properties 
and their manufacture, the best methods of using 
them, and the purposes for which they are used : and 
some of these matters will be usefully illustrated 
by the parallel course of experimental work in the 
engineering laboratory. 

The work that is carried on in such a laboratory 
is not of the same kind in all colleges, but it will 
perhaps suffice to speak briefly of the usual work at 
Dundee. Here the students wUl begin with the use 
of simple apparatus for determining the elasticity in 
wires of different metals, going on to some similar 
experiments upon bars of iron and steel by means 
of a micrometric extensometer. They will obtain 
a good experience in the use of the large testing 
machine for the ordinary testing of materials, and 
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will observe their behaviour under every kind of 
steady stress : while the advanced students will con- 
duct experiments with the hydraulic fatigue press, 
discovering by these researches what is the actual 
strength (and the behaviour) of iron and steel when 
fatigued by the alternate imposition and removal of 
a given load repeated some hundreds of thousands 
of times. 

The students will have time and opportunity for 
a few experiments in hydraulics, and they will all 
join in the making of power^measurements with the 
gas engine and the dynamos, and in carrying out a 
series of steam-trials with the experimental com- 
pound condensing (or non-condensing) engine. 

For all this experimental work the students will 
often have the handling of machinery under super- 
vision, but they do not use the laboratory as a 
workshop, although the machine tools are constantly 
in operation before them — planing, drilling, and turn- 
ing the metal-work that is required in the laboratory.^ 

Passing on to the summer session, the work begins 
again (at Dundee) with a course of descriptive lectures, 
treating either of railway construction, or bridge- 

* There is not much to be gained by a few hours of shop-work, 
even if the hours could be spared : and to obtain any thorough work- 
shop training, such as would be required by the skilled artisan, would 
consume almost the whole time of the student, leaving practically none 
for the more proper objects of college study. 
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building, or harbour engineering, and a paralld 
course upon surveying. After this the whole class 
will take the field for about a fortnight of con- 
tinuous work from morning to night — they will 
complete a survey, covering about a mile in lengthy 
followed by the running of levelled sections and the 
setting-out of railway curves by the theodolite. The 
detailed plans and sections will then be plotted in 
the drawing-office as the concluding work for that 
session. 

When all this is carried out, the student's time is 
so well filled up that it is almost impossible to add 
another item to the programme for any one year. 

The zealous educationist is apt to assume that his 
objects are to be attained by the multiplication of 
items, and by getting into his syllabus every cognate 
subject that can receive a distinctive title — but the 
solution of the educational problem is not so simple. 
The limitations of time, on the student's side, miist 
be the first consideration, and it would be well to 
realise what is included in an ordinary day's work 
for the college student 

At nine a.m. he enters the Physical Hall and sits 
through a lecture of one hour, vigorously taking 
notes as the professor deals with electro-magnetism, 
or some problem in dynamics, or Fourier's Theory 
of Heat ; then, without so much as a five-minute 
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interval, he crosses to the Mathematical Hall, where 
the lecturer begins at once upon the binomial 
theorem, or the differentiation of some function. 
At the end of this second lecture he passes straight 
into the drawing-office, and spends the next hour 
over some geometrical problem ; and then goes at 
once for the third lecture, which may deal, perhaps, 
with the theory of continuous girders. 

This brings him to one o'clock, and from two to 
five p.m. he will very likely be hard at work upon the 
footplate of a very hot engine, taking indicator 
diagrams at high speed. In the evening he will 
take his only opportunity of looking into the notes 
of his three morning lectures, and will then begin 
to work out his home exercises in each subject. By 
about ten p.m. he will have got through a very fair 
day's work. 

Of course the work would soon become intolerable 
if it were not carried on with zest and interest, but 
these things are seldom lacking, and the classes work 
at a pressure which shows no drop during the 
session. 

The extent of the ground that may be fairly 
covered in a course of three years may perhaps be 
illustrated by quoting, as an example, the present 
requirements at Edinburgh and at St Andrews, for 
graduation in engineering. 
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In the course of not less than three academical 
years the candidate must attend at least the deven 
courses of instruction in the following subjects : — 

1. Mathematics, including Analytical Geometry 

and the Differential and Int^p'al Calculus. 

2. Natural Philosophy, including Higher Applied 

Mathematics. 

3. Chemistry. 

4. A course in the Physical Laboratory, or in 

the Chemical Laboratory, or of Practical 
Chemistry. 

5. 6. Two courses in Practical Work in Drawing. 

7, 8, 9. Three courses in Engineering, including 
Engineering, Laboratory Practice, and 
Field-work. 

ID. Natural Philosophy, involving Higher Mathe- 
matics. 

1 1. One of the following : — 

{a) Engineering Laboratory Practice, Me- 
chanical or Electrical (Special Course). 

(b) Electricity, Pure and Applied. 

(c) Geology and Mineralogy. 

In this schedule a ^course of instruction," in either 
subject, is generally held to mean one hundred 
lectures of an hour each, or two hundred hours of 
practical work. In practice, however, it is found 
necessary to extend the courses of drawing and 
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engineering far beyond the limits which are laid 
down in the ordinances as a minimum. 

These regulations may perhaps serve as an illustra- 
tion ; but to answer the general question — How much 
should be attempted ? — we have first to consider how 
much is possible for the student : and this is a finite 
quantity, although it may be distributed in different 
ways. If, however, we increase the superficial area, 
we shall by so much diminish the depth. The word 
"engineering" comprises so many different fields 
that we cannot cover them all, except by a sprinkling 
too thin to be of much solid value. 

The engineer will carry on his studies through all 
the years of his life-practice, and at the end of them 
he will hardly profess to have a complete knowledge 
of every branch of civil, mechanical, and electrical 
engineering ; and it is quite impossible for the youth, 
coming fresh from a Public School, to acquire in three 
years the training of a skilled artisan and the training 
required for three professions — a selection must be 

» 

made. 

For the mechanical engineer it may be necessary 
to go through all the manual work of the pattern- 
shop, foundry, smithy, and fitting shop; and it can 
best be done by the usual method of an apprentice- 
ship. 

In like manner, it is only in the ofKce and in the 
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field that the civil engineer can obtain a good 
acquaintance with professional routine, and a prac- 
tical experience in the execution of works. 

Yet neither of these apprenticeships can take the 
place of a college training. The student will not 
find anyone to help him in the shop or in the office ; 
nor will he find in either of them any opportunity 
for the prosecution of systematic study in the 
scientific principles of engineering. It seems in- 
evitable, therefore, that the education of an engineer 
must be divided into two halves, because the whole 
cannot be taken in any one place ; and the college 
work should obviously be directed to those objects 
for which it is specially adapted. This, at least, is 
the principle which is followed in most of our 
Universities and colleges, while the Technical Schools 
try to undertake something like an apprenticeship in 
a number of trades as well as a teaching in science, 
and in America the practical tuition appears to be 
carried out upon a great scale in all the details of 
specialised manufacture. 

The governing idea is a different one in each of 
these three cases, and in each case the subdivision of 
work follows upon a different plan. 

In the English Technical School some classes are • 
devoted to the practical carpentering, plumbing, etc., 
and apart from these the teaching is subdivided into 



EDUCATION 143 

a large number of different branches of applied science. 
Thus the science studies for an engineer must be 
taken up in eight or ten different class-rooms under 
as many different teachers, and in accordance with 
the regulations of the City and Guilds Institute. 
Some such division of labour is probably necessary 
in dealing with the very large number of students in 
the evening classes : ^ but it is attended with dis- 
advantages which are fully recognised by the 
teachers. The study is discontinuous, and there is 
an inevitable repetition of subject-matter, involving 
a waste of time which the evening student can ill 
afford.2 

On the other hand, the teaching of engineering 
in an English University is subdivided only between 
the different professions of civil, mechanical, and 
electrical engineering. The student who is pre- 
paring for either profession will study the whole 
of his engineering under one professor, who is per- 
fectly free to arrange his courses so that the student 

^ There are, for example, more than 2,000 evening students in the 
Engineering Department of the Birmingham Municipal Technical 
School. 

^ Such propositions, for example, as those relating to the composi- 
tion and resolution of forces must be taught a great many times by 
different teachers — first in *' Theoretical Mechanics," then perhaps in 
** Graphic Statics," then again in "Building Construction," in 
" Mechanical Engineering," in ** Machine Design," an(i once more 
under the heading of "Steam." 
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shall follow a continuous and prc^essive line of 
thought and study. But in some American coU^^es 
there is again a different subdivision as between 
certain specialties of engineering work or manufacture. 
Thus in one department the subject-matter is con- 
fined to the locomotive engine, in another to the 
building of railway carriages and goods wi^[gons» 
and so on through a long list ; so that in one college 
there are as many as twenty professors of engineering 
and more than forty assistant lecturers and demon- 
strators. These sectional exercises are carried out 
in very thorough and practical fashion, after a 
general engineering education ; but the entire course 
extends over a period of five years, and in that 
time it can scarcely include more than one or two 
specialties. 

It is impossible that any one educational system 
can be the best for every individual whose occupa- 
tion comes under the all-inclusive title of " engineer- 
ing/' if his training is to be any preparation for his 
work in life. 

For a large number of evening students, it is 
almost certain that engineering will mean chiefly the 
work of a skilled artisan at the bench or the turning- 
lathe; and a training in the modern methods of 
accurate workmanship would perhaps be more valu- 
able than anything else. 
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For a certain number of mechanical and electrical 
engineers, the same word means a trade or vianii- 
faciure, which will be carried on for the making of 
money profits ; and for them a "commercial educa- 
tion " will seem to offer advantages of a tangible and 
eminently practical kind. 

For the man of academic pursuits, it means a 
science branching off into numerous subsections, 
whose titles are to be read in the syllabus of the 
educationist 

But for men of progress, and for every civil 
engineer, it means neither a handicraft, nor a trade, 
nor only a science, but includes something quite 
different from either of them. If we put together 
all the subsections of applied science as they appear 
in the most exhaustive syllabus, they do not make 
up a sum total which can properly be called engineer- 
ing ; there is one item left out of the syllabus, and it 
is a very important one. The essentia! nature of 
engineering is best illustrated by the record of its 
achievements, and these pages have shown that it 
does not consist merely in the application of science, 
but rather in the application of reason, which is a 
different matter. 

Evidently, therefore, we are driven back to the 
question which was raised at the beginning of the 
chapter : What is the particular object that we hope 
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to attain by any proposed course of education? 
The soil is fertile enough, but in this, as in other 
matters, the universal law holds good that men will 
always reap that which they sow, and not any other 
kind of fruit ; and the law must apply to educationist, 
teacher, and student. 

Thus if we adopt the system of ^payment by 
results," it is almost certain that we shall obtain 
the results which are paid for — 1>. the passing of 
a large percentage of students through the test- 
examinations ; but the value of that result is another 
question. Again, if the teacher of an evening class 
is compelled to work under this system, he has no 
option but to set before him the same "results "as 
the object of his endeavours ; and he will safely 
accomplish that object if he follows the well-tried 
method of storing the student's memory; but it 
cannot be expected that this '' cramming " process (as 
it is called) will result in the cultivation of any other 
intellectual faculty, and the mere exercise of memory 
is absolutely valueless in the work of the civil 
engineer,^ 

^ It is already pretty well known that the faults of the "cramming" 
system are not only on the negative side. It does nothing for the 
development of the best intellectual Acuities, but it may often do a 
great deal to stunt or entirely destroy their natural growth. How 
strongly it represses the exercise of individual thought may be seen by 
a glance at some of the advanced text-books *' approved*' for use undor 
this system. The system of "payment by results" has lately been 
abolished in the evening Technical Schools in Scotland. 
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For the business of reproducing machinery, it may 
perhaps be enough if the student can apply the 
rules and formulas which he has learned to use ; but 
we have seen that the designs of the civil engineer 
must always involve the exercise of independent 
thought and of that creative faculty which finds for 
itself the means that are best adapted to its end. 
This is not the natural fruit of any commercial 
instinct, and is therefore not likely to be developed 
in the mind of the student who aims only at the 
future reaping of mercantile profits. 

Perhaps these faculties cannot be imparted by any 
mechanical process of mere instruction — whether in 
art or in engineering. But they are the gift of 
nature — the born heritage of the Anglo-Saxon race; 
and they will grow if they are cultivated for their 
own sake — for it is Nature's own law that men shall 
reap what they sow. 



CHAPTER IX 
PAST, PRESENT, AND FUTURE 

EDKING back over the little bit of history 
recorded in these pages, we cannot help seeing 
how the conditions of modern life have been affected 
by the changes which engineering has wrought ; bat 
it is equally true that engineering itself has been 
undergoing a ceaseless change. If the art and the 
literature of the Victorian Age have been^rofoundly 
affected by surrounding influences, the same thing 
is true of engineering. Its relations with the out- 
side world of men are not at all what they used to 
be — perhaps its objects are not quite the same, for 
they have been influenced by the requirements of 
modern life ; its methods are very different from 
what they were in past times ; its resources are 
much greater; and certainly our knowledge of nature 
is very much wider than it ever has been before. 

In the meantime, however, there has been no 
essential change in the character of the engineer's 
warfare with Nature, or in Nature's dealingfs with 
him — she has made no change in her laws ; whatever 
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else may have altered, they, at all events, remain what 
they always were. 

Since the date at which this story begins, the 
profession of civil engineering has come to occupy 
a recognised position in the community. The 
engineer is not now regarded as an excentric 
wanderer without a definable vocation in life; the 
world has altered its estimate of him and of his 
business. 

At first he had an uphill fight before him ; nobody 
would believe in the practicability of his projects; 
people could see very clearly the enormous difficulties 
that lay in the way, and only a few could estimate 
the sufficiency of his means for overcoming them, or 
could appreciate beforehand the public benefits that 
were likely to accrue from his projected works. 
Many doubted, and could only believe when they 
saw. 

But the early engineers had fully estimated all 
the difficulties ; their plans had not been laid without 
a careful reckoning of ways and means, and they 
knew that the great sources of power in nature were 
adequate for their purposes. Their works of con- 
struction were carried through with unfailing success, 
and soon began to demonstrate their usefulness. 
The successive "triumphs" of engineering became 
the theme for generad congratulations, and after 
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a few years the doubts had disappeared, and had 
given place to an unbounded confidence. 

This change in the mental attitude of the public 
has, of course, greatly altered the prospects of engi- 
neering enterprise — its progress to-day is certainly 
not checked by any lack of public confidence. At 
the same time it has imposed upon the engineer 
the duty of making his reckonings with nature more 
carefully than ever. 

At one time the pendulum swung so far in the 
opposite direction that many people lost sight of 
the natural difficulties altogether, refused to recognise 
their existence, and almost came to believe that 
noMn^ could be impossible to the magic of engineer- 
ing science. A single incident may suffice to illus- 
trate the change. 

We may remember, for example, that when it was 
first proposed to cut a ship canal through the 
Isthmus of Suez, the project was regarded by most 
people as bold and hazardous in the extreme, for the 
natural difficulties were obvious and were thought 
to be insuperable. But in due time the canal was 
completed, and a few years afterwards the Panama 
Canal was enthusiastically commenced without the 
slightest misgiving. The difficulties that really sur- 
roufided that undertaking might perhaps have been 
ascertained beforehand by a patient expenditure 
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of time and study and some expenditure of money, 
but their magnitude was only found out when the 
operations were far advanced. The works had to 
be abandoned when something like ;{^90,ooo,ooo of 
capital had been expended, and they have remained 
in an unfinished condition from that time to the 
present day. 

The student will be wise to remember that the 
civil engineer has still to conduct the same old 
warfare with Nature, and that her forces are not 
in any way diminished. It is true that the resources 
on his side have been greatly augmented, but the 
magnitude of his task has increased at the same 
time and in like proportion. He will only court 
defeat if he pretends to under-rate the forces of the 
enemy ; and he needs to-day, just as much as ever, 
all the foresight and tactical skill that he can bring 
to bear upon his task. 

We may go on to observe that the engineer's 
resources have been extended in many directions, 
and first that some of his operations have been 
greatly assisted by the introduction of new materials 
of construction and by successive improvements in 
their manufacture, so that in some kinds of work 
his methods of procedure have been almost revohi- 
tionised in consequence. 

This has been especially noticeable in the employ- 
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ment of steel and of Portland cement concrete 
in works of construction. In each case the material 
was at first r^arded with some d^pree of mistrust, 
owing to the uncertain quality of the product or 
its uncertain behaviour under subsequent treatment ; 
but with later improvements in the manufacture 
these troubles disappeared, and the engineer has 
placed concrete and mild steel among the most 
reliable of all his materials of construction. 

The use of cement concrete has enabled the 
engineer to undertake many submarine operations 
which had not been possible without it The older 
methods of dealing with such difficulties have, there- 
fore, been set aside, and the harbour engineer 
generally designs his breakwaters and his submarine 
foundations with the view of employing this material 
in one form or another, and taking advantage of the 
facilities which it affords. It has come to be freely 
used also in the lining of tunnels, the construction 
of dock-walls, and the building of many other lithic 
structures. 

For the first half of the nineteenth century the 
manufacture of Portland cement was almost entirely 
confined to the valleys of the Thames and the 
Medway, and the material seems to have got its 
name from the London builders, who used it merely 
for covering their brick walls with a stucco resemUing 
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Portland stone. The Lpndon "Portland cement** 
was at that time well known in most Continental 
countries, and was imported into Germany in prefer- 
ence to any other kind of building cement 

It is quite certain that the annual production of 
Portland cement must have increased enormously 
since it began to be used by engineers for the making 
of concrete in large quantities, and in all probability 
the demand will increase still further. Its manu- 
facture was soon taken up in the Lias districts of the 
Midland Counties, and has been extended to many 
other parts of the United Kingdom. For some years 
past it has been very successfully carried on in 
Germany, where it has been studied with the scientific 
thoroughness which distinguishes the people of that 
country, and the German maker of Portland cement 
is now a formidable competitor in the English 
market. 

In discussing the modern methods of steet-making, 
we have already noticed some of the results which 
have followed upon the production of^mild steel and 
its use in the place of wrought-iron. Its greater 
strength has enabled the boiler-maker to meet the 
requirements of high pressure ; and with the higher 
boiler pressure the efficiency of the steam engine 
has been greatly increased, with a corresponding 
reduction in the consumption of coal per indicated 
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horse-power. In the same way its greater strength, 
as compared with that of wrought-iron, has been of 
immense service to the designer of long-span bridges, 
in promoting that economy of material which forms 
an essential condition of his problem. 

For either of these two purposes, as well as for 
shipbuilding, it is necessary that the material should 
be not only strong but also tough and ductile, and a 
combination of strength and ductility in the same 
material is not easily obtained. Various grades of 
steel are now produced in the form of bars and 
plates, but the strongest ones are deficient in tough- 
ness, and are generally ruled out by the specifications 
of bridge engineers and of all shipbuilders. There 
must always be a limit to the width of span that can 
be crossed by the bridge-builder, and the limit is 
fixed by the ratio between the strength and the 
weight of the building material. The limit is prac- 
tically fixed to-day by the ratio as we find it in the 
tougher grades of steel, but it may possibly be ex- 
tended in the future by the use of some alloys com- 
bining ductility and toughness with a higher grade 
of strength.! The durability of wrought-iron and 
steel is still limited by the somewhat rapid oxidation 
which takes effect in both materials. 

^ The metal aluminium has often been suggested, but has not been 
used in bridge-construction, owing partly to its costliness, but still 
more to the difficulty of working it 
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In quite recent years a combination of Portland 
cement concrete, with an internal strengthening of 
steel rods, has introduced a new materia) of con- 
struction under the name of ferro-concrete. It has 
been successfully used, in the place of timber, for 
bridges of moderate span, in the form of beams and 
flooring; and also in arches, braced landing-stages, 
and various kinds of pUe-work, the piles being 
driven in the ordinary way. Its strength must 
certainly depend upon the internal arrangement of 
the steel rods, which are entirely embedded in the 
concrete, and are therefore invisible ; but the dura- 
bility of the material is a great point in favour of its 
extended use in the future. 

It may perhaps be worth noticing that whenever 
timber has been replaced by a new building material 
the designer seems to have been constrained, by 
force of tradition or by association of ideas, to re- 
produce the familiar features of his earlier work. 
In the very best period of Greek architecture the 
features of a more ancient style of timber con- 
struction were repeated in stone upon the portico of 
every temple ; and when the classic styles were 
revived in later centuries the same familiar features 
were repeated in all sorts of materials — in the stucco 
of London house-fronts, the mahogany of side- 
boards, and the painted decorations of churches. 
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They are now reproduced once more in ferro-con- 
crete ; but it is still more remarkable that the naval 
architect should have so closely followed the skeleton 
framework of the old " wooden walls," that keel and 
kelson and ribs and stringers are all made to re- 
appear in the modern ship of iron or steeL 

On the other hand, the builder of steel bridges has 
gone right away from the old architectural models, 
and his designs have taken such widely different 
shapes that they appear to be new creations rather 
than the mere development of pre-existing types. 
It is hardly possible, however, that he could have 
cut himself so completely adrift from the old ideas, 
if it had not been for the new ideas which were 
suggested to him by the study of mechanical theory. 
The theory of construction is itself one of the 
modern resources of civil engineering, and in this 
matter of bridge-design it has rendered its greatest 
service by revealing the principal mechanical func- 
tions of the structure, and suggesting the form that 
it might take for the best fulfilment of some of its 
various purposes. 

In America the construction of steel girders upon 
certain standard patterns has been carried on by 
many bridge-building firms as an ordinary trade, and 
the manufacture of such "spans" has been cheapened 
by the use of special machinery for reproducing all 
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the structural details in large quantities. The re- 
peated production of such stereotyped forms is one 
of the results that have followed from the com- 
petitive system under which so many bridges have 
been built in America, and the system has been 
attended with some other results which are worthy 
of fiotice. 

The competition in many cases was governed 
wholly by the question of cheapness, for the munici- 
palities in some of the States were compelled by law 
to accept the lowest tender in every case. Under 
this system it was required that the structure should 
comply with the rules of a specification which dealt 
mainly with the testing of materials and the detailed 
calculation of stresses, but made no stipulation as to 
the form or construction of the girders ; so that the 
design was left to find its most economical shape 
under the stress of competition, and with such safe- 
guards as might be afforded by the figures of the 
calculation. 

The system has borne its natural fruit in the 
development of a very economical style of bridge- 
construction for spans of a certain limited width ; 
but the construction has never satisfied the practical 
judgment of English engineers. They have enter- 
tained an instinctive objection to the extreme slender- 
ness of its proportions, adhering in their own practice 
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to a more solid style of construction which has never 
failed to ensure stability ; and their objections have 
certainly found some justification in the large number 
of bridge failures that have happened in America, 
where the long list of accidents is such as no other 
country has experienced. 

The mischievous tendency of the competitive 
system has been recognised by American engineers 
more clearly than by anyone else, and they have 
spent the utmost ingenuity in trying to counteract 
it by a more rigid application of the theory of stresses 
and by raising the standard of the stipulated con- 
ditions. But the fault lies probably in the system 
itself — it enlists all the forces of human ingenuity 
on the side of economy, while it leaves the safety of 
the bridge to be guaranteed by a set of written rules, 
and the rules cannot hold their own in such an 
unequal conflict 

In our own country the bridge-designer has built 
up the same mathematical theory of stresses, and 
has relied upon the information which it conveys; 
but while he has used it as an indispensable ally in 
his warfare with nature, he has not trusted that his 
warfare could be finished by the mere working out 
of an arithmetical sum. His study of the whole 
problem has convinced him that there is something 
else to be borne in mind, and his designs have always 
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been guided by certain considerations of a practical 
kind which are not mentioned in the theory of text- 
books nor in the rules of the competition. 

The dissatisfaction of American engineers has not 
prevented the spread of the competitive system ; and 
at the present time British and American firms are 
often found as competitors for the execution of 
foreign or colonial contracts. But the British de- 
signer is heavily handicapped by his own instinctive 
preference for solidity of construction, and he is 
generally left far behind in the race for cheapness. 

It is likely enough that the result might be different 
if both contractors were tendering for the same 
design ; but the Englishman could scarcely hope to 
secure many contracts under the system of competi- 
tive design unless the rules were so drawn as to give 
effect to the unexpressed practical ideas which in- 
fluence his own mind. A complete and rational 
theory of safe construction, if it should ever come to 
be written, would have to include the treatment of 
many questions beyond the mere calculation of 
stresses and strengths, or the application of the 
Column Formula, or the so-called Factor of Safety:^ 

^ The text-books have not yet defined precisely all that is, or that 
should be, comprised under the word ''safety." If it were merely 
a question of stress and strength under given conditions of loading, 
a house of cards must be described as a very "safe'' structure in calm 
weather. But the word must obviously include a great detd more, and 
must have a reference to every possible kind of fiiilure. 
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it would have to give expression to those undefined 
considerations which influence the mind of the 
practical man. 

The modem resources of the civil engineer include 
a great many ingenious appliances and processes 
which were unknown in earlier times. Some of these 
inventions have been devised with the special object 
of combating the natural difficulties which surround 
his operations; and besides these, he can reckon 
among his engines of warfare a great host of 
mechanical and electrical appliances — excavating, 
dredging, pumping, mining, and hoisting machinery, 
diving apparatus, and every modem application of 
motive power for the transport of materials, or for 
their treatment in the workshop or in the field. 

The future progress of the civil engineer must 
always depend upon the " sources of power in 
nature," not only because he uses them for his own 
purposes, but because his works of construction are 
themselves bound up with the application of power 
for the "use and convenience of man." Harbours 
and waterways are made for navigation, and railways 
for the locomotive. 

It is worth noticing, therefore, that the available 
sources of natural power are practically the same 
to-day as they have been from the beginning of this 
story. All the machinery that is used at the present 
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time by the civil, the mechanical, or the electrical 
engineer, for the performance of every kind of heavy 
work, derives its whole power either from the rainfall 
or from the combustion of fuel : and no other 
natural source of power has yet made its appearance 
within the region of practical engineering. 

In this matter the anticipations of the public mind 
have often gone far beyond the more sober reckon- 
ings of the engineer. Many people have insisted 
upon endowing him, in spite of all his protestations, 
with the miraculous power of creating energy; the 
newspaper writers have described him as a sort of 
Prospero ; and if he has not already achieved the 
impossible, they are convinced that he is now on the 
verge of accomplishing it 

These popular expectations have taken various 
shapes from time to time, as they have been sug- 
gested by the latest discoveries. Machinery seemed 
to move by magic, and it was at one time expected 
that perpetual motion would be obtained by some 
new arrangement of dead mechanism, such as the 
water-wheel-and-pump combination, or some later 
invention of the same kind ; while the Keeley motor 
was apparently intended to meet the same popular 
demand. In more recent times it was hoped that the 
artificial production of liquid air would furnish us 
with an unlimited supply of energy, which would 

M 
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make us independent of the old sources of power ; 
but to-day this has given place to an expectation that 
the same thing will be accomplished by electricity; 
and we may often read a ms^azine article which 
describes electrical machinery as though it worked 
by some vitality of its own. 

We have already seen, however, that all these 
appliances, whether mechanical or electrical, are used 
only as instruments for the transformation or the 
transmission of energy, and that they add nothing to 
the power of the prime mover, which is either a water- 
wheel or a heat engine.^ These practical facts have 
long been patent to British engineers, who have often 
raised their voices to protest against the extravagant 
consumption of coal and its lavish exportation from 
our shores ; but it may be doubted whether these 
sermons have yet produced any wide conviction as 
to the great value of this gift of nature to the British 
people. The annual consumption of coal for domestic 
purposes has, of course, greatly increased : the em- 
ployment of powerful steam engines upon electric 
tramways has created a new demand : outward-bound 
vessels without a return freight are filled with coal 
for ballast ; and many hundreds or thousands of tons 

^ Of course, it may be a windmill, or it may be a machine worked 
by the muscular power of men or animals ; but they are hardly worth 
reckoning in the work of the world. 
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are burnt daily for the sake of an extra knot of 
speed in our luxurious Atlantic liners. 

Passing on from this outlook, we may notice that 
the methods of civil engineering have been greatly 
changed by the continual progress of science. The 
engineer has taken up the discoveries of the physicist, 
and has turned them to the use and convenience of 
man ; and this has been especially noticeable in 
electrical engineering. The discovery of the Hertz 
waves was the necessary forerunner of wireless tele- 
graphy, but might have remained as the discovery of 
a scientist, and nothing more, if it had not been fol- 
lowed up by an application which demanded the 
engineering instincts of a man of different mould. 

In the course of some previous chapters we have 
seen how the practice of engineers, in ev^ry branch 
of their profession, has been affected by the advance 
of applied science. Their methods have become more 
strictly rational, and very much more precise. In 
working out his designs, the engineer must now go 
into close calculations at almost every step, and will 
scarcely venture to rely upon his own instinctive 
judgment without their aid. This, no doubt, is a 
distinct gain in one direction, although it may be 
a loss in some others. It is a gain in point of 
certainty, for it avoids the possibility of quantita- 
tive mistakes, and it is an obvious gain in point 
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of economy. But the design may lose something 
in other directions, which are not so easy to de- 
fine. The artist feels that he is sufTering a loss of 
the same kind when he passes from the congenial 
habit of freehand sketching and places himself under 
the bondage of rules and studied formulas : while his 
mind is occupied with the^n it is less fruitful of ideas; 
and if the engineering draughtsman is constantly 
referring to scientific calculation, he may sometimes 
cramp those better faculties of original thought which 
must be exercised upon his wider problem of adapt- 
ing means to an end. 

For the mechanical or the electrical engineer whose 
immediate work may He in the reproduction of 
machinery, the balance of advantage may be on the 
side of precise calculation ; but the civil engineer 
must never lose sight of the ever-changing conditions 
of his wide problems, or allow his view of them to be 
obscured by a concentrated attention to the mere 
calculation of dimensions or quantities. 

It is easily to be seen, also, that these changes are 
reflected in the architecture of civil engineering ; for 
every kind of architecture is expressive, and shows 
forth the spirit of the 2^e, as well as the mind of the 
designer. 

The engineer has never cared to load his structures 
with ornament, but he has sometimes achieved the 
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happiest aesthetic results with the greatest simplicity 
of structural outline. A refined fitness of form to 
structural purpose is an element of beauty which 
appeals to everyone in the old Greek architecture, 
and the same element is conspicuous in the charming 
outlines of Smeaton*s old Eddystone Lighthouse; 
while many of our great masonry bridges may fairly 
be ranked as fine architectural designs. 

If the same thing cannot be said of our later 
bridges in iron and steel, yet they also are expressive 
in their own way — some of them have displayed 
a boldness of conception which belongs wholly to 
modern times, while many others express nothing so 
clearly as the inexorable necessity to build cheaply, 
and the guiding influence of applied science. A 
beautiful style of architecture in steel is perhaps one 
of the things which the future may have in store for 
us. 

Amongst all these changes it has not been easy for 
engineering to preserve the breadth and simplicity of 
its original aims. The requirements of modern life 
include a great many things that were not dreamed 
of fifty years ago; and the old programme which was 
directed to the " use and convenience of man " is 
hardly enough for the demands of this age of luxury. 

At the same time, the growing activity of com- 
merce and the constant struggle of trade competition, 
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pressing always towards the realisation of immediate 
profits, have produced their inevitable eflfects upon 
engineering. The terms of a recent American defini- 
tion have described the engineer as "the man who 
can do for 99 cents what anyone can do for 100"; 
and it is obvious that the author of this saying must 
have wholly lost sight of those wider possibilities 
which come within the vision of the civil engineer. 

We must, however, recognise the fact that me- 
chanical and electrical engineering have now become 
important commercial industries, in whose prosperity 
we are all interested ; and under the pressure of in- 
ternational competition, it is perhaps inevitable that 
their development will continue to be greatly in- 
fluenced by considerations of a purely commercial 
kind. 

In conclusion, we may surely say that the future 
of engineering is still full of promise — for the world, 
and also for the engineering profession. We have 
still to provide for the plain uses and conveniences 
of man over a great part of the semi-civilised earth ; 
and at home there are still a great many human 
needs which have not yet engaged the attention of 
engineers, and which might be fulfilled by the 
great sources of power in nature. The useful occupa- 
tions and the salaried appointments which are already 
open to engineers have been referred to in a previous 
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chapter, and they are likely to be extended as time 
goes on — and the labourer in this field is worthy of 
his hire. 

The future progress of engineering must certainly 
depend in great measure upon the education of the 
present time. This fact has already been clearly 
perceived by men of business, not only in this country, 
but for a long time past in Germany and in America; 
and everywhere men are looking to education as a 
powerful factor in the future rivalry for commercial 
supremacy. 

But the educationist may still be tempted to cling 
to the old idea that engineering must be either a 
trade, or a science, or a combination of the two, for 
he does not easily see where anything else can come 
into the question. He has already done everything 
that he can think of for the diffusion of scientific 
knowledge, and we now hear much of a coming 
commercial education. 

We should do well, however, to remember that the 
great fruits of engineering in the past have not been 
reaped from the sowing of these two seeds. When 
James Watt had to mend the old model of New- 
comen's engine, he certainly did not set about that 
task upon business principles; and if he had been 
guided by a sound commercial education, it is not 
likely that he would have spent his years in the per- 
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fecting of a machine for which there was no demand 
in the market 

At every step in the history of early engineering 
we can see quite clearly that no progress would have 
been made unless men like James Watt and his 
successors had been able to look beyond the teach- 
ings of contemporaneous commerce, and to act 
indei^endently of them. It was only in this way 
that the British people took the lead in the world of 
engineering, and kept it through the nineteenth 
century ; and although a commercial education may 
enable them in the future to press hard after their 
German and American rivals, it cannot enable them 
to maintain the lead. 

And the reason of all this is not far to seek. The 
engineer cannot achieve the true objects of his 
mission in the world without the cultivation of 
certain mental faculties which lie outside the natural 
habits of thought in business or in science. The 
man of science looks at things as they are^ and tries 
to discover the truth about them ; while the man of 
business must always take things as he finds them, 
and try to make the best of them. But the civil 
engineer cannot look at things in this way — ^his 
work has always lain in the designing of things that 
are not. 
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CHAPTER X 
THE INSTITUTION OF CIVIL ENGINEERS 

THE history of this institution has been coeval 
with the life of engineering in this country as 
a civil profession. It was first established, with a 
very small roll of members, on the 2nd of January, 
1818, and was incorporated by Royal Charter on the 
3rd of June, 1828, "for the general advancement of 
mechanical science, and more particularly for pro- 
moting the acquisition of that species of knowledge 
which constitutes the profession of a civil engineer." 

In later times it has become the parent of several 
societies and institutions which have been devoted to 
particular branches of the profession — mechanical, 
electrical, municipal, and some others; but it still 
remains as the chief representative of the whole 
family, and finds room within itself for the develop- 
ment of every branch. 

The terms of its Charter, whose wide significance 

has been illustrated in the first chapters of this story, 

may be regarded as the true charter of the whole 

profession. 
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The corporate membership of the institution is 
now divided into four classes, viz. : — 

1. Members. 

2. Associate Members. 

3. Associates, elected prior to 2nd December, 1878. 

4. Honorary Members. 

At the same time, provision is made for two other 
classes, which are attached to the institution^ viz. : — 

5. Associates elected later than 1878. 

6. Students. 

And among the students there are local associa- 
tions at Manchester, Glasgow, Birmingham, New- 
castle, and in Yorkshire. 

The roll of the institution on the ist of October, 
1 902, included the following numbers : — 

Honorary Members . . 18 

Members . . 2,101 

Associate Members . 4,020 

Associates . 293 

Students . . 896 

Total . . . 7,328 

The qualifications for election into each class are 
defined by the by-laws and regulations as follows : — 

I. Every Candidate for election or transfer into 
the class of Members shall be more than thirty years 
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of age, and shall come within one of the following 
conditions : — 

He shall have been regularly educated as a Civil 
Engineer, shall have had subsequent employment for 
at least five years, and shall be actually engaged at 
the time of his application for election, in responsible 
situations as Resident Engineer, or otherwise, in 
some of the branches defined by the Charter as con- 
stituting the profession of a Civil Engineer ; or, 

He shall have practised on his own account in the 
profession of a Civil Engineer for at least five years, 
and shall have acquired a considerable degree of 
eminence in the same. 

2. Every Candidate for election into the class of 
Associate Members shall be more than twenty-five 
years of age. 

{a) He shall have been regularly educated as a 
Civil Engineer, shall have passed such examination 
or examinations as are appointed or are recognised 
by the Council, and shall be actually engaged at the 
time of his application for election, in the design 
or in the construction of such works as are comprised 
within the profession of a Civil Engineer as defined 
by the Charter ; or, 

{b) He shall satisfy the Council that he has had 
a sufficient training, that he has been engaged for at 
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least five years, and that he is actually engaged at 
the time of his application for election, in the design 
or in the construction of such works as are comprised 
within the profession of a Civil Engineer as defined 
by the Charter, and shall furnish a satisfactory Thesis 
or Paper on a professional subject ; or, 

(c) He shall, whilst complying with either of the 
foregoing conditions as to training and occupation as 
set forth in the paragraphs (a) and (6), afford satisfac^ 
tory proof to the Council of his fitness for election 
without either examination or the submission of a 
Thesis or Paper. 

3. The Associates entitled to the privileges of 
Corporate Membership are defined as comprising all 
those who were on the Register as Associates on the 
2nd December, 1878. 

4. Honorary Members shall be either distinguished 
individuals, who from their position are enabled to 
render assistance in the prosecution of public works^ 
or persons eminent for science and experience in 
pursuits connected with the profession of a CivU 
Engineer, but who are not engaged in the practice 
of that profession in the United Kingdom or its 
dependencies. 

5. "Associates" are defined as persons who are 
not Civil Engineers by profession, but whose pursuits 
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constitute branches of Engineering, or who by their 
connection with Science or the Arts, or otherwise, are 
qualified to concur with Civil Engineers in the ad- 
vancement of professional knowledge. 

6. " Students " are defined as persons not under 
eighteen years of age, who are, or have been, pupils 
of Corporate Members of the Institution, who have 
complied with the regulations of Section IV. of the 
By-laws, and who have the object or intention of 
becoming engaged in the design or in the construc- 
tion of such works as are comprised within the 
profession of a Civil Engineer ; and such persons 
may continue Students until they attain the age of 
twenty-six years. 

For the sake of the non-professional reader, it 
should perhaps be explained that the ordinary 
meetings of the institution are held for the reading 
and discussion of papers on one evening of the week, 
and that no work is done in the institution by 
members or students. There are no students receiv- 
ing instruction in the institution, and no kind of 
educational work is undertaken by that body. But 
young men who are studying the profession else- 
where, as pupils or assistants, may in this way join 
the institution while they are yet students ; and it is 
now the common practice of young engineers thus 
to obtain their first induction to the institution as 



174 CIVIL ENGINEERING 

" students/' with the view of passing on to associate 
membership when they become qualified for that 
further step. 

The regulations prescribe that the candidate who 
seeks admission as a student must have passed 
an examination which is nearly parallel with the 
matriculation examination in the University of 
London or the preliminary examination for entrance 
into either of the Scottish Universities; and the 
candidate is not required to take an examination 
if he has passed either of the following : — 

University of London. — Matriculation exam. 
Victoria University. — Preliminary exam., provided 

that Mechanics and one other Science subject 

is included. 
University of St. Andrews, — Preliminary exam, in 

Science. 
University of Glasgow. — Preliminary exam, in 

Science. 
University of Aberdeen. — Preliminary exam, in 

Science. 
University of Edinburgh — Preliminary exam, in 

Science. 

University of Dublin. — General exam, at end of 
Senior Freshman year. 

University of Wales. — Matriculation exam., pro- 
vided that additional Mathematics and either 
Dynamics or Chemistry be covered by the 
Certificate. 
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King's College, London. — Exam, for the College 

Matriculation Certificate in Engineering. 
University College, London. — Matriculation exam. 

(Engineering Dept.) 
Royal Indian Engineering College, Cooper's Hill. 

— Entrance exam. 
City and Guilds of London Central Technical 

College. — Matriculation exam. 
University College, Bristol, — Preliminary exam. 

(Engineering Dept.) 
Scotch Education Department. — The Leaving 

Certificate, provided that Mathematics on 

the Higher Grade and a Science subject be 

included. 

The candidate is exempted from examination if 
he is already a graduate of any University in the 
British Empire, and also if he has obtained either 
of the following certificates, provided that the requisite 
subjects in the Institution Studentship Examination 
be covered thereby, viz : — 

Oxford Local Examinations. — A Senior Certificate. 

Cambridge Local Examinations. — A Senior Certi- 
ficate. 

Oxford and Cambridge Schools Examination 
Board. — A Higher Certificate. 

Central Welsh Board. — A Senior or an Honours 
Certificate. 

University of Adelaide. — Senior Public exam. 

University of Tasmania. — Senior Public exam. 
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The examination prescribed by the institution for 
students comprises the following subjects : — 

1. English (one paper). 

2. Mathematics (two papers). 

3. Two subjects to be selected by the candidate 

from the following ten : a langus^e is not 
compulsory, but in any case not more than 
one language may be taken : 

(i.) Latin ; (ii.) Greek ; (iii.) French ; (iv.) Ger- 
man ; (v.) Italian ; (vi.) Spanish ; (viL) Ele- 
mentary Mechanics of solids and fluids; 
(viii.) Elementary Physics ; (ix.) Elementary 
Chemistry; (x.) Geometrical and Freehand 
Drawing. 

When the candidate is elected as student, he does 
not yet possess the privileges of corporate mem- 
bership, but he is entitled to attend the ordinary 
meetings of the Institution in Westminster, without 
having a vote in the election of president or members 
of Council ; and he has the use of the library, and 
receives a copy of the minutes of proceedings. The 
students also hold their own meetings for the reading 
and discussion of papers. 

In passing on to the grade of associate member- 
ship, it will be seen that three avenues are open to 
the candidate, and the first includes an examination 
in general knowledge and in engineering science. 
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This examination for associate members is nearly 
parallel to the final degree exams, in engineering 
in the University of London or either of the Scottish 
Universities ; and the candidate is exempted from 
taking any part of it if he already holds either of the 
following University degrees : — 

University of London. — B.Sc. (Engineering). 
University of Cambridge. — B.A, (Mechanical 

Science Tripos). 
University of St. Andrews. — B.Sc. (Engineering). 
University of Glasgow. — B.Sc. (Engineering). 
University of Edinburgh. — B.Sc. (Engineering). 

Victoria University. — B.Sc, with Honours in 
Engineering. 

University of Dublin. — B.A.I. 

Royal University of Ireland. — B.E. and M.S. 

University of Wales: B.Sc. (Engineering), pro- 
vided that Mathematics be passed at the final 
examination for the degree. 

McGill University, Montreal. — B.Sc. (in the Depart- 
ment of Civil, Mechanical, Electrical, or Mining 
Engineering), provided that Geography and 
either Physics or Chemistry be passed at the 
Matriculation Exam. 

These degrees are recognised by the Council as 
proving a sufficient standard of attainment in the 
requisite subjects. 

The examinations, which are prescribed by the 

N 
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Council in other cases, for an associate member are 
divided into two parts as follows : — 

Part I. 
GENERAL KNOWLEDGE 

Candidates will be required to prove their know- 
ledge of the English language and their attainments 
in general knowledge by writing an essay of about a 
thousand words upon a set subject Each candidate 
will be allowed to select one out of several subjects, 
including English history and literature, prescribed 
by the examiners. 

Persons who are, or who have been, students of the 
Institution, or who produce such qualifications as 
would, under the existing regulations, exempt them 
from the examination applying to the admission of 
students, will not be required to pass Part I. of this 
examination. 

Part IL 

SCIENTIFIC KNOWLEDGE 

Section A 

1. Applied Mechanics. 

2. Strength and Elasticity of Materials. 

3. Either (a) Theory of Structures, or 

^f>) Theory of Electricity and Magnetism. 
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Section B 

Two of the following nine subjects, taking not 
more than one from either group : — 

Group L — Geodesy. Theory of Heat Engines. 
Metallurgy. 

Group II , — Hydraulics. Theory of Machines. 
Thermo- and Electro-Chemistry. 

Group III — Geology and Mineralogy. Stability 
and Resistance of Ships. Applications of Electricity, 

The range of the examinations in the several 
subjects is indicated by a detailed syllabus, which is 
issued by the Council. 

The Institution of Civil Engineers has now reached 
its seventy-sixth year, dating from its incorporation 
by Royal Charter ; and the one hundred and fifty 
volumes of its transactions are perhaps the most 
valuable part of an engineer's library. 
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Bonn (Sobort), THE POEMS OF. 
Edited bT Andrew Lanc and W. A 
Ciuucm. With Portndl. T/Urd Ediiit*. 
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CareleEB (Jolm). See iiiuEJcated Foclu 
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•Egertoli'ta E.). M.A A HISTORY OF 

ERITISH COLONIAL POLICY. New 
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A ColoniiJEdilien is uIhi pabUahed. 

SUabr(O-O0- See The Litlle Guides. 

BUanonCF.Cl.). SeoS.J.Sione. 

EUwOod (ThomM), TKk HISTORY OF 
THBLlFKOF. Editrd by C. G. Cmiuf. 
M.A. Civwnivc. &. 

ElweKE.). A HISTORY OF ENGLISH 

Tennrnn. TraniUleii from Ibe German, 
Demy Iva. p. id. ml. 
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Inldct. /■ ^nv 
Gilftif. St. 6ir. ( 
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VKRSES TO ORDKtt. Sind SditiniL. 
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fcafi. BtD. u. W. «/. 
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iLitnilFY OLD rtllNESK PORCE- 
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AT OXFORD. With in Introducllon br 

Holden-Btone 10. del. See Books on 
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Holdich (Btl T. B.I, K.CI.E. THE 
INDIAN BORDERLAMD: heiiiB ' 
Personal Record of Twenty Vean. lllus- 
ttated. Z>c»vSm iai.6d.nil. 

BtJldBWOlUb (W. B.I, M.A. A HISTORY 
OF ENGLIiiH LAW. I« Taii l'si<imci. 
I'ol. /. Dimy Bi'A im. 6>l. net. 

•mHifEaQr). THE SECRET OF POPU- 
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HolTMke (Q. J.). See Social Questions 

Hone (KathOnielJ. ). See Anliquary's Bockl. 
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Horace. SecClusicslTmnslaiioDt. 
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Hughea {C. E.I. THE PRAlSJ 



Bodies (ThomM). TOM BROWN'S 
SCHOOLDAYS. With an iBttoduclion 
MdNotBbyVEIlMONRBKDAU,. Li^litr. 
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ranks IB-). M.A, lUwls of Uw in ibc 
Tri;rvtmivor0.for(!. KNC-LISH LOCAL 
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Ubnry o( Dcindan. 
EMUpla (Ttaomu A). TBB IMITATIOtr 

ov Christ, witti m tanwiiiuiui if 

Dbax F&*ku. I tluuntcd by C M. •Cm<"~ 



THr^EO/titm. 



,. S« kIh IJbnr; of ttciui 

_ .^buBA'ASt&viWd library. 

AlwTmulatedbf C.B>ce,D,Tl Cn» 



CennMfr 
SPHINX. 



(Bart.). THE 

-X. Cr*tB»fc«. 3J,6rf 

EeBnedylJAittBiHanKlitim), Ij 



THIAMS. Will 
PLAHB: W<:-: 



ElStfkke lA. W.). S<e LUl)> Ubnn-. 
KlpQiu iSndyuil), BARRACK-HOOH 
Ballads. TSr^ nem^md. CnomtK. 
Twinty~_firit Edilien. 6m. ' 

A Colenial Bdilioii b akD piil)liilu& 
THESBVBNSEAS. bv^TMemjomd. Taiti 
Jlditlon. Cr«a^Hv,giUU/,6!. 
A Calonw] Bdiiinn U bIh publi).beil, 
THE FIVE NATIONS. 4u( TJktatami. 
Sea*^ Edititm. Crmvn Bba Si. 
A Coliinbl Kdiiioi u bIk pnbliitwd 
DKPARTUBNTAL ditties. Stritmtk 
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KnOWling (R. J.), M.A, Professor of New 
Testament Exegesis^ at King's College, 
London. See Westminster Commentaries. 

Lamb (Charles and Mary). THE WORKS 
OF. Edited by E. V. Lucas. With 
Numerous Illustrations. In Seven Volumes. 
Demy Zvo. ys. td. each. 

THE LIFE OF. See E. V. Lucas. 

THE ESSAYS OF ELIA. With over loo 
Illustrations by A. Garth Jones, and an 
Introduction by E. V. Lucas. Demy Zvo. 
JOS. 6d. 

THE KING AND QUEEN OF HEARTS : 
An 1805 Book for Children. Illustrated by 
William Mulready. A new edition, in 
facsimile, edited by E. V. Lucas, is. 6d. 
See also Little Library. 

Lambert (F. A H.). See The Little Guides. 

LambrOS (Professor). See Byzantine Texts. 

Lane-Poole (Stanley). A HISTORY OF 

EGYPT IN THE MIDDLE AGES. Fully 
Illustrated. Crown Zvo. 6s. 

Laji«brldge(F.) M. A. BALLADS OF THE 
BRAVE : Poems of Chivalry-, Enterprise, 
Courage, and Constancy. Second Edition. 
Crown Svo. zs. 6d. 

^jaw (William). See Library of Devotion. 

:^each (Henry). THE DUKE OF DEVON- 
SHIRE. A Biography. With 12 Illustra- 
tions. DemyBvo, 12s. 6d. net. 
A Colonial Edition is also published. 

Lee (Captain L. Melville). A HISTORY 

OF POLICE IN ENGLAND. CrownBvo. 
3*. 6d. net. 

Leigh(Percival). THE COMIC ENGLISH 

GRAMMAR. Embellished with upwards 
of 50 characteristic Illustrations by John 
Leech. Post i6mo. 2s. 6d. net. 

Lewes (V.B.), M.A. AIR AND WATER. 
Illustrated. Crown Bvo. 2s. 6d. 

Lisle (Fortun^e de)* See Little Books on Art. 

LittlehaleS (H.). See Antiquary's Books. 

Lock (Walter), D.D., Warden of Keble 
College. ST. PAUL, THE MASTER- 
BUILDER. Second Edition. Crown Zvo, 
■1,5. 6d. 

*THE BIBLE AND CHRISTIAN LIFE: 
Being Addresses and Sermons. Cfown 
Zvo. 6s. 

See also Leaders of Religion and Library 
of Devotion. 

Locke (Jobn). See Methuen's Standard 
Library. 

Locker (r.). See Little Library. 

Longfellow (H. W.) See Little Library. 

Lorimer (George Horace). LETTERS 

FROM A SELF-MADE MERCHANT 
TO HIS SON. Thirteenth Edition. CfOwn 
Zvo. 6s, ^ ^ 

A Colonial Edition is also published. 
OLD GORGON GRAHAM. Second Edition, 
Crown Zvo, 6s, 
A Colonial Edition is also published. 
Lover (Samuel). See illustrated Pocket 
Library. 



E. V. L and C. L. G. ENGLAND DAY BY 
DAY : Or, The Englishman's Handbook to 
Efficiency. Illustrated by Gzorge Morrow. 
Fourth Edition, Fcap. ^to is. mt. 
A buriesque Year-Book and Almanac. 

Lucas (E. v.). . THE LIFE OF CHARLES 
LAMB. ^ With numerous Portraits and 
Illustrations. Two Vols. Demy Zvo. 2\s. 
net. 

A WANDERER IN HOLLAND. With 
many Illustrations, of which 20 are in Colour 
by Herbert Marshall. Crown Zvo, 6s, 
A Colonial Ekiition is also published. 

Luoian. See Classical Translations. 

Lyde (L. W.), M.A. See Commercial Series. 

lydon (Noel S.). See Junior School Books. 

Lyttelton (Hon. Mrs. A.), women AND 

THEIR work. Crown Zvo. 2s. 6d. 
M. M. HOW TO DRESS AND WHAT TO 
WEAR. Crown Zvo. is. net. 

Macaulay(Lord). CRITICAL AND HIS- 

TORICAL ESSAYS. Edited by F. C. Mon- 
TAGUE, M.A. Three Volumes. Crown ZzHf. 
iZs. 

The only edition of this book completely 
annotated. 
M'Allen (J. E. B.X ^I-A. See Commercial 

MacCuilOCll (J. A.X See Churchm^'s 
Library. 

*MacCunn (Florence). MARY STUART. 

With over 60 Illustrations, including a 

Frontispiece in Photogravure. Demy Ova. 

10s. 6d. net. 
A Colonial Edition is also published. See 

also Leaders of Religion. 
McDermott (R B.). See Books on Business. 
M'Dowall (A. S.). See Oxford Biographies. 
Mackay (A. M.). See Churchman's Library. 

Magnus (Laurie), M.A. A PRIMER OF 
WORDSWORTH. Crown Zvo as.6d. 

Mahaffy (J. P.). Litt.D. A HISTORY OF 
THE EGYPT OF THE PTOLEMIES. 
Fully Illustrated. Crown Zvo, 6s, 

Maitland (F. W.), LL. D. , Downing Professor 
of the Laws of England in the University of 
Cambridge. CANON LAW IN ENG- 
LAND. Royal Zvo. ys. 6d. 

Maiden (H. £.), M.A. ENGLISH RE- 
CORDS. A Companion to the History of 
England. Crown Zvo. 3;. 6d. 

THE ENGLISH CITIZEN : HIS RIGHTS 
AND DUTIES. Second Edition, Crown 
Zvo. IS. 6d, 

*A SCHOOL HISTORY OF SURREY. 
With many Illustrations. Crown Zvo. ts.6d, 

Marchant (E. C), M.A., Fellow of Peter- 
house, Cambridge. A GREEK ANTHO- 
LOGY. Second Edition. Crown Zvo. 3s. 6d. 

MardLant (C. E), M.A., and Cook (A. M.), 

M.A. PASSAGES FOR UNSEEN 
TRANSLATION. Stamd Ediium, Ctwm 

Marlowe (ObrlBtophcr). See Methuen's 
Standard Library. 
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Marr(J. E.), F.R.S., Fellow of St John's Col- 
lf5ge. Camlmdge. THK SCHCNTIFIC 
STUDY OF SCKNER Y. Hectmd Edition. 
IlliiKtrated. Crown Zro. 6r. 

AGRICULTURAL GKOLOGY. With num- 
rrous Illustratinns. Cra^vn ivo. 6t. 

Marrell (Andrew). Sc:: Little Library. 

Masefleld (J. E.) SKA likk in nel- 

SON'S Tl.MK. With maiiy Illustrations. 

CnKHH 8rv. \<s. 6i/. net. 
Maskall (A.) Sc» Connoisseur's Library. 
MaSOn(A. J.), n. D. S':e I^.viers of Religion. 

HasseeCOeorge). THK EVOLUTION OF , 

PLANT LI FK : L')wer Forms. With Illus- ' 
trations. Crown Bvo. 2t. 6^. 

Mastermaii(C.F.O.).M.xV TKNNY.SON 

AS A RELIGIOUS TEACHER. Cro7un 
*Matiiteon(Hon.E.P.X COUNSELS OF 

LIFE. Fcap. Zvo. as. 6 J. net. 

A volume of Selections in Prose and 
Vets'*. 
May (Phil). THE PHIL M.\V ALBUM. 
Second Edition, ^to. \*. uet. 

Mellows (Emmas.). A SHORT .STORY 

OF EN(;LIS11 LITERATURE. Crown 

Bvo. y. td. 

*Metlluexi (A. M. S.). THE TRAGEDY 

OF .SOUTH AFRIC.\. Cr. Bvo. as. net. 

A revised and enlarged edition of the 

author's * Peace or War in South 

Africa.' 

ENGLAND'S RUIN: Discussed in Six- 

TEES LeTTEKS to THE RlGlIT HON. 

JosBHii CiiA.MBERiJkiN, M.P. Crown Svo. 
id. net. 

Michcll (E. B). THE ART AND PRAC- 
TICE OF HAWKING. With 3 Photo- 
gravures by G. K. LouuK, and other Illus* 
trations. Demy ti^C. 10*. td, 

MillaiB (J. O.). THE LItE AND LET- 
TERS OF SIR JOHN EVERETT 
MILLAIS, President of the Royal Academy. 
With many Illustrations, of which 2 are in 
Photogravure. Nexv Edition, Demy Bvo. 
7X. td. net. 

MillaiB (Sir John Everett). See Little 

(lallerics. 
MiUia (C. T.). M.I.M.E. See Textbooks of 

Technology 
Milne (J. G.X M.A. A HISTORY OF 
ROMAN EGYPT. Fully Illustrated. 
Crown Bto. ds. 
♦Milton. John, THE POEMS OF, BOTH 
ENGLISH ANT) LATIN, Comoos'd at 
several times. Printed b^ his true Copies. 

The Songs were set m Musick by Mr. 
Henry Lawes, Gentleman of the Kings 
Chappel, and one of His Majesties Private 
Mtusick. 

Printed and publish'd according to Order. 

Printed by Ruth Raworth for Hum- 
PHRSV MosELBV, and are Co be sold at the 
bigne of the Princes Armes in Pauls Church- 
yard, 1645. 



*A MILTON DAY BOOK. Edited by R. 

F. TowNDBOW. Fea/. Ssk 9U M ntU 
See also Little Library and Methoen't 

Standard library. 
Hlt(Jh«ll(P.aha]]Xien),M.A. OXTTUNES 

OFBI()LOGY. lUustzated. SecmdSM- 

tion, Cro7vn Zv9, 6s. 
*MittOII (0. E.). JANE AUSTEV AND 

HER IiINGLAND. With many PortniU 

and Illustrations. Demy Zxw. lor. 6d. mit 
A Colonial Edition is also published. 
'MOU (AX' See Books on BusineM. 
Moir(D. M.X See Little Library. 

*Money(L.O. Chiona). WEALTH AND 

POVERTY. Demy Bvo. 51* «v/- 
Moore (H. E.)> See Social Questions Scries. 

Moran (Clarence Ck)u See Booki oa 

Business. 
More (Sir ThaOOM). See Methuen's Standan! 

Library. 
Morflll (W. B.). Oriel College, Oxford. A 

HISTORY OF RUSSIA FROM PETER 

THE GREAT TO ALEXANDER IL 

With Maps and Plans. Crown 8fv. 31. 6d, 
Korich(R. J.), late of aifton College. See 

School Examination Series. 
«Morrlfl (J.) THE MAKERS OF JAPAN. 

With many portraits and lUnstntioiii. 

Demy Bvo. las. 6d. net, 
A Colonial Edition is also publiihed. 
Morris (J. EX See The LttUe Gnidei. 
Morton (Ml88 Andenoo). See Misi Brod- 

rick. 
Moole (H. C. O.X D.D., Lord Bishop ofDor- 
ham. See Leaders of Religion. 

Mulr (M. M. PattlBonX M..\. THE 

CHEMISTRY OF FIRE. The Elementary 

Principles of Chemistry. Illustrated. Cmom 

Bvo. as. 6d, 
Mundella (V. A.), M.A. See J. T. Dunn. 
Munro (R.), LL. D. See Antiquary's Books. 
Na7]al Officer (A). See lUustmted Pocket 

Library. 
NeallW.O.). See R. N.Hall. 

Newman (J. H.) and otbere. See Library 

of Devotion. 
NicholB (J. B. B.). See Little Library. 
Nicklin (T.), M.A. EXAMINATION 

PAPERS IN THUCYDIDES. Crmmm 

BzfO, as. 
Nimrod. See Illustrated Pocket Library. 

Northcote(Jame8),R.A. theconver- 

SATIOXS OF JAMES NORTHCOTE, 
R.A., AND JAMES WARD. Edited by 
Ernest Fletchkx. %\'ith many Portraits 
Demy Bvo. lof. 6d. 

Norway (A. H.). Author of 'Highwayx and 
Byways in Devon and Cornwall. ' NAPLES. 
With as Colotved Illustrations by Maurice 
Grbiffbnhagbn. a New Edition. Crtmm 
Bvo, 6s. 

Novalifl. THE DISCIPLES AT SAIS AND 
OTHER FRAGMENTS. Edited by Mils 
Una Birch. Feaf, Saw. 3K. 6dL 

Olipliant (Mn.). bee Leaders of Religion. 
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DnaBtO. W. ox M.A., Frito* of AU Souls' 
Otfaid. AHISTORYOFTBEARTOF 
WAR. Vol. It.: Tho Middle Agis, from 
thcFounhloIhcFgurteEmhCcDIur*. Illui* 
tnled. £>iny &vs. loi. C/. nil. 

OtUey <R. L), O.a S» Hacilboaki of 
Th«>lDey'Hnd LeadEH of KnHEiin. 

OWMl (DonKlaJl). See Boak^ on BusincB. 

Osr(iril«LR.l,ofGuy'!HM(rilal, A HAND- 
BOOK OF NURSING. Sicimd Edition. 



MANCHURIA. AVilh 
Third Edition. Dimybva. 71. Dd. wc. 
A ColanUl Edition b nliojiabliilied. 

Parkar (flUbert). A LOVER'S DIARY : 
SONGS IN SEQUENCE. Feat. Bm. 51. 

FRrUnacm < John). Paradisi In SOLE 
PAEADISUS TERRISTRIS, OR A 
GARDEN OF ALL SORTS OF PLEA- 
SANT FLOWERS. Folio. £4, *i. lul. 

PannenMrdonn). helio-tropes, OE 

NEW POSIES FOR SUNDIALS, 1615. 
EdiWd by PMtiVAl. LiKDOti. Qaarlo. 
31. 6d. ml. 
PttimGntler (ProC Leon). See Briantine 



, SteLiboi 






lur, by Fajtn 



PREIU! 



I XVI m 



rary of Devotion. 

(Oeorsef. social carica. 

TURES OF THE EIGHTEENTH 
CENTURY. ImplTial Quarts. £a, .al. 6rf. 
tut. SeealsoLiltIs Books an Alt sndltlus- 

P«SrawHl(w!E.)(Benjlunin Swift). LIFE'S 
QUESTIONINGS. Ctoiunive. ii.fd. 

rattien0Il(A.B.). NOTES OF AN EAST 
COAST NATURALIST. Illuslraled in 
ColouibyF. SaUTHGATE, Saond Edition. I 

•NATORE NOTES IN EASTERN NOR. ' 
FOLK. A Eeri« of obserraliaDl ea lb: 
Birdi, Fisliu, Mmnmsls, Rcptilo, end 



D»MASTT. FifOiEditi,.... 
Vot. 11. Thb XVIIth and XVIll™ 

Dynasties. Fimrtk Edition. 
Vol. HI. XIXtmtoXXXthDyhastik!. 
Vol- IV. Thb Egypt of ti 

J.P.MAHAFFY.LiltD. 

Vol. V. RokahEovft. J. G. Milne, M.A. 
Vol. vt. EcviT in ths Mioole Acu. 

Stanley Lane-Poolb, M.A. 
RELIGION AND CONSCIENCE IN 

ANCIENT EGYPT. Fully IUii«nu«d. 

SYRIA AND EGYPT, FROM THE TELL 

EL AMARNA TABLETS. Crnim itio. 

is.&d. 
EGYPTIAN TALES. Illustrated by This- 

thahElus. InTmoVobiina. Crtwnivo. 

V. ^. lack. 
EfiYPTIAN DECORATIVE ART. Witb 

130 Illustrations. Crmm tvo. 31. 6d. 
FHUlipB IW. A.). See Oxford Biofmpbiet. 

"■-"'-^ttB (Bdaa). my Devon year. 

- "111817311005 by J. Let Petht- 
T/cond and Chcaftr Edition. 



MUpottB r 

WiSi j8 i; 



•UP ALONG AND DOWN ALONG. 



anaar "JphUipK^WITH S 
DE WET. S/amd Edition. 



A Colonial Edition is also publiitacd. 
■PtoT^lctor) and^Taltpn (Tj^r ' 



IHOOL HISTORY OF MIDDI^. 



SEX. Witb many 
Svo. IS. 6d. 
'lautua. THE CAPTIVI. 



S"ai.i 



la lUuStTBtiODS m 

PaUOCk A™ Se™"tle Books oti Art. j 

Paarra &. H.l, m.a. annals of 

CHRISrS HOSPITAL. Withmanylllus- ' 

PMimtaB7!™"*^n'™''>fTrra>'yCo!ltee, i 
Oitford, aod Sectetary 10 the Rnvnl Com. ■ 
■niisloii on the LIcenoDE Laws. PRACTI. 
CAL LICENSING REFORM. Stcoml 
EdiHoH. CrownSBK. li.id. I 

Patatl (J. P.), D.D. See Chuitbinan's 

PetrlelW^M.Plln4eri),D.CL„LLD. Pin. 
fEaorof Eevptoloiyat Univeiiity College. I 
A HISTORY OF EGYPT. r»OH the 
Eaiubit Tihu to tub PwsniT Day. 



PocoCk (Soger). A frontiersman. 



TUALISM. Tmi Velum 



PoUoqk (DaTld), M.I. 



Missus. Metriten^ Catalogub 







t KXY TO -nn TIMK 
.,_ tS TH» DIVIKK 



jn©.!.!. AB/JiS HVSIC, AND 

WHAT IT IS U\Dk or. Cfn* frs. 
St 1^—1. 

MmO- L),M.A..P>lkn(srOrMC°nti>, 
Omoik A III^TORV Ur KNGLISII 
POLITICAL tCONOMV. FrmrtJk tuS. 

msaom (D«banlUL A MODKXS 

tCEOTtA. fnwalM Ai. 
riUlV and RWbttdUn. TKR MICKO- 
ToSN OK LoSdOS. 
MinitTtiKK. Wilti 104 



WOOU MOUSE COX - 




U (HuUaml. M.A,. F.1W nnd 

of New <?sl)*g,, o«roHj. DOC- 

TklNEANDDEVKLdPMENT. Cm™ 

lUwatome (Lawrenea, Esq.). S« ilim- 

A ROdl WAS- Sm mosmiBl Pcctei 

Ulirity. 
Keuon (W.). M.A. 5tc SocUl Qoeajons 

Eeiwi (W. B.). Aulhoi- of ■ Andent W«-d 
And troD W»k in CamljtideCk etc 
ROYAL AND HISTORIC iJlOVES 
AND ANCIENT BHOES. Proftisdy 
lUiutrared in mlonr and bnir'IDW. Qutrte, 

t/mtHia. See rjule Oillcriu. 

EOlMtto (V. K). SeeCCCtiuiRn. 

BobOItMin. (A.). D.D., Unl lUihop of 
KteKtrRSONUM DEI, Tin EacplDn 
LKtnmofiaii. UfwyBim. iw. ()rf.ii((. 

Botnnuii (C. Onnt). M^. reUo-r of ah 

- Senll' ColliRI, Difcnl, ^caincr in tbe 
Manmm Schnol of Msden HtMoiT, Oifdn], 
i9cn-i«<>4. SELECT 9TATirraS, CASES, 



iCAL unBPm 



*BalMrtMBiaanat): 

STT'IifftTPS HlSTOIUCAL 
OF THE SKJTISH euPCKSL 

K^WlMB ratr O. S.) K.&&L 

MetbseB'i tUlf-OowB Lilnnr. 
BoHOMa Ci. W.;, M.A. S« ChBRfaw 

Utile. 
BeUlUSa (D«cEUk\ TITE MINmm 

or DKACONEsSes. wubHiiMta 

itDB b; ibc Utt AnJibiihi>(i ot OtiHtltoji 

f Bm C— IMMiWt UtaMT- 

<I«). Sec Uula LibBT. 

_ A. SEW TESTAllBXT 

_ __ Cbune fof """■ 

■ rmmm WWal' — ■ - 

MffrrfTANC 
CUPBOARDS 

-ptioB. Willi 



B(rt«at!HB-A. SEWTESTJ^ 
ClRKBIC. A Caune foi riiijliiil Wa 
~ iLJBH LocK.tXDL.Wjcda 



otb 6 a 



CIENI cori'&s ANO 

' !ir Bit^oTT and t» 
nlosirailinii. CsonV. 






Bcjim (A. a. L.}, U.A. s« BcBkt <is 

•Eoraw A GAI.LERY OV ROMHSV, 
~ LintiGallen 



ilojniviire. /Mftrta/^^imt' 



. lilusinied. JDuv 
onlT.lifi cr Hufer ■•> -faun 



6rf. (•!■* ; y«r/ ///. 8J. ; / 

DRirO TRADE. Crini.'-. : 
BilWe (JL £,), D.D. Sh 



Feulk E'Tili'm. Crrmn 

A Caloniil Haitian b aleo paliUih^ 

Si. AlUeln. See Libra/y of D<«>tl(*. 

8t.Atien«tUie. SeiLibisiTDrDtTuba. 
St. Orm (TUeoimt). &« (htod »p 

•^^'m.'OXDKA REGINALD. Ste^ 

Editin. Fcaf. Btb. k. 6./. •(«. 

Bales (St. FruudB de). Sm Libnry 4 

BalnMn (A. L.). A POITLAR OOIDE 
TO DEVON. Mi-liHiHi^ &r_- je_. 

alioTbeL'inleOuidis. 



BaKnimt (,J.\ m.a. annals of 

I \raSTMINSTER SCHOOL. Wilh 

8&tliaa(C.). S« Byiantine TEilit, 

Bcimitt ( John), s« BvHniine Tbik. 

BCOU, (A. BLl WINSTON SPENCER 
CHUkCHILL. Willi Portrails and lUus- 

Bealey(H.0.)F.R.5. di^'gofisofthe 

AIR. WiihmanylUusiraliMU. Cr.Sta. Si. 

Sella (T. p.), M.A. THE MEC 

OF DAILY LIFE, lllostraied. 
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Settle (J. H.). 



A Cokmlsl EdiiioD is i 

ShBkMpeareJWimiun; 

THE FOUR FOLIOS, 
iMS- Each JP™.- aii„ 
pleteKt, Tkh/bi Gm'nti^ . 

The Arden SIiakeBpeare. 



:6»s; 'S3>'i 16S4 ; 



CcDcial E 
at Shak« 



'7. J. CsAia 



An Ediiian 
p. Edilcd 
L, TEitnal Noies, 



HAMLET. Ediled by Ebwaup Doweei 

ROMEO' AND JULIET. Edited by Edwu 

DowoSH, LilcD. 
KING LEAR. Edired Tw W. J. Ckaig. 
JULIUS CAESAR. Ediud by M. Ma< 



THE TEMPEST. 



Ediled by MOKETON 

by H. B. 

CVMBELINE. Edited by EdwaiuDowden. 
THE MERRY WIVES OF WINDSOR. 

Ediled by H. C. Habt. 
A MIDSUMMER NIGHT'S DREAM. 

Ediled bv H. CUHIHGEIAM. 

KING HENRY V. Edited by H. A. E»*Ms. 
ALL'S WELL THAT ENDS WELL. 

Edited by W. O. Briostdcke. 
THE TAMING OF THE SHREW. 

Edited bv R. Warwick Bond. 
TIMON OF ATHENS. Edited by K. 

Dbicmtom. 
MEASURE FOR MEASURE. Ediled by 

H. C. H«>T. 
TWELFTH NIGHT. Ediled by Mdrbtdm 

THE MERCHANT OF VENICE. Ediled 
byC, Ki-oxP^uis. 

Tlia Little Qturto Sbakeapeare. Edited 

by W. J. Craig. Willi It. nod motion* and 



SSaiptA.). VICTORIAN 
Sharp (ISxa. S. A.}. See 
SheajOCS; (J. 8.). THE 



Shelley (Perm- B.). ADONAIS; an Elegy 
on Ibe dealG of Jobn Keau, Aulhu o( 
' Endymicm,' flic Pisa. From tbelypBoT 

See also Metliuen's Standard Ljbiary. 
8henrell(ArtLTir), M.A. See Social Qnes- 



REN. Wilh a Prel 



n^yi 



FOR CHILD- 



Edition u also publi&hed. 

^.)!"sm Utile Book%n Ait 

<0. A.). FRANCESCO 

UUAKUl. Witb4iPlales. Seyat/sUs. 

81celihiay(E.E. D.). See Uitle Books on 

SMpton <H. P. K.). See LlHle Books on 

Bladen (DonglU). SICILY: The New 
Winlei Re^SiTwith o«I «o lllnstialiors. 
Cnrw Sw. SI- 'tl. 



Set alH> Methoei 



andud Library. 



SmaliWODd, (U. Q.). See Liitle Boolu an 
SmadW CP- £)• Se* lUuBiraied Poclcei 

Bml't^'^ldam). .THE_ wealth of 

and numeiou.! Nolet by EcwiH Cahnak, 
M.A. Twt Tflfmn. Dtmy Bw. an. 

Bee al50 Melhnen's Smndard LibiHTV. 
Smith (BoracB wd Junes). See Litik 

■Smith (H. BompaBi, m.a. a n e w 

JUNIOR arithmetic LVom- St.. 

'Bmitb ( John, ThonuA). a book FOR 
a rainy bay. Edited by WlUBiD 
Whitirk. IHuilrated. Dtmy 81™ isi. 

SubII' (P. J.). A BOOK OF EXUOOR. 

Snowaenld. E.I. abrief'surveyof 

BRITISH HISTORY. DtK^arKi. 41. 6^. 
Sophocles. Set Clasaicil Translation!. 
Sontet (L. A.}, See Tunic 

" ■i<WUtonE).M.A. 



South (WUton E). M 



Messrs. Mbtbcsn's Catalogue 




Omtla^Cmi^' ■'■■ ' 

*V«L 1^ (RktaO III 
Xw*. HMl Edb^kt. Cr 

■Mm«|(T. *.\ M-A. S« 

'KMUOflll.' flOLr DO^ AMP DOItTS. 
BM«MUlA. H. M.V MA. 



riRST LATtlf LES90K&. .VimU JUp 

FIKST LATIN KKAnini. Wilk X«wl 
•Auiiul In 1^ SbslK LmSh Vamt Md 



KXKUCLA lATINA. Flrrt E«nS«« 
» l^n AcnlmM Wiih Vcota>lv>-. 

«Aar iJvrjK bxrrcises on ths 

SVSTAX OF THS HHORTBR AND 
KEVtSED LAim PKIMKII. Willi 



I. 6A Witb VoabBlHrr- 



I B^iUim. FtaK tie. 






3TEPS TO GBERK. £<«Kf EMIiim. rr 
A SMOKTKR GREEK PRIM&K. Cm.. 
GA»V( 



GRKKK VOCABULARIES FOK RE- 

l«3ft ftmniJUituw. J'atf.^r. \i.U. 

WRKRK TK&TA«eNT ^I.KCItONS. 

fai llH.*H o( Sokwta. Wiik l(Mu*B- 



V-/(l u. 

Ibr.rtr.--.-. fi.f. -.- ^ ■■■ &/: 
EASY FK£NCB BJCEROBES OK £LE- 
WENTAKY ?V.-iTAX. Wtib Vute- 
Iw F/nrti ISdUltM. c»m >K M.U. 



•I.6A 
Sc* ftlm Sclwcl Enmuaiiofl Smm 
SMriNBMfi t«.l> ot Iho TMhnluI CM)m 
^inml, aMl ndcUldS <P.t of A* 
VoriuAin CnlttlK, L<b^ OUKAUEM' 
TAl. tJliSltJN roft WOVKN KAORKS. 
illuiiiMad, Ornir Sta Skmk/ /UtUrm. 
•t.fd. 

■ M> (J.l. « 

liS or Ti 

_. _ . ._ . 3..ei 

Mflna (td,11»nc«). See Utile Lifcruy. 
8UIT7 (W.I. M-A, ANNALS OF KTO« 

COLLRCIE. Wilh numenui iniatnunib 
iAwiylM T«.«C. 

stMun guaeiuie). by allan 

WATKR. StamdSMHtm. CnwsSM. ti. 

StaraiuMi <a. L,). TUii I.EXTERS or 

ROBERT LOUIE STEVltNSOM TO 
KIS FAMILY AND FKIEMSS. 
Sdtcied aod Edilad, Vich MnlM uhI In- 
tnidDi-iioni. h> iiaun Colvw. .S£i«( 
midClHi^Editian. Crrvmtvr. iw 
Lnnunr KumoH- iMiii^ Hw. • n>Ab rn- 

A Colon la] Edilmn i* nJ"? pnbU^ied. 

VAILIMA U^TTERR. Wlih u StcAisf 

Porwui W WiLiJAM SrSANo. /^rM 

eMriim. Cm«nBtt. B%i*nnt, &i. 

A CslonUI Xdlliao laaliennbliiLhod. 

THE LIFE OF ». L, STEvfeNSON. Sr 



ca 



«. 1.1. FKOM SARANAC 

MARQUESAS, Bane Luuq 

dlilBt 



TO THE MARQUESAS, 
wiitlon by Mn. M. I. Stevkhec 
T.ii7-i to hn (Iwai Mt» JAxR 
BM-rOUTc WilhwiInlreducilwiliyC 
W^AU-OTW, M.D., LL,C., >. 



General Literature 



noddart Uiuut H.). s«: 



Stona IS. J.). POEMS AND HYMNS. 
Wilh a Memoir by F. G. Ellhkton, 
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Wylde (A. B.X MODERN ABYSSINIA. 
With a Map and a Portrait. Demy Svo, 
15s, net. 

WjTldliam (G.). THE POEMS OF 
WILLIAM SHAKESPEARE. With an 
Introduction and Notes. Denty Bvo. Buck- 
ram, gilt top. xos. 6d. 

Wyon (R. ) and Prance (O.). THE LAND 

OF THE BLACK MOUNTAIN. Being 
a d^cription of Montenegro. With 40 Illus- 
trations. Crown Zvo. dr. 
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Yeats (W. R). AN ANTHOLOGY OF 
IRISH VERSE. Revised and Enlarged 
Edition, Crown Bvo. 3*. 6d, 

Tendi8(M.). THE GREAT RED FROG. 



A Story told in 40 Coloured Pictures. jFco^, 
Svo. IS. net. 

YonngCFllson). THE COMPLETE 
MOT O R I S T. With 138 lUustrations. 
Fourth Edition, Demy Zvo. 12s, 6d. net. 

Young (T. M.). THE AMERICAN 
COTTON INDUSTRY: A Study of 
Work and Workers. With an Introduction 
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Cloth, 2S. 6d. ; paper boards, is, 6d. 

Zenker (E. v.). ANARCHISM. Demy ^00. 
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CITY? CrotvnQvo. is.6d.net. 



Ancient Cities 

Crown Svo. 4s. 6d, net. 



Chester. Illustrated by E. H. New. Crown 

Svo. 4s. 6d. net. 
Shrewsbury. By T. Auden, M.A., F.S.A. 



Illustrated. Crown Bvo. 4^. 6d. net. 
^Canterbury. By J. C. Cox, LL. D. , F.S. A 
Illustrated. Crown ^vo, 4X. 6d. net. 



Antignaxy's Books, The 

General Editor, J. CHARLES COX, LL.D., F.S.A. 

A series of volumes dealing with various branches of English Antiquities ; 
comprehensive and popular, as well as accurate and scholarly. 

Demy Svo. *js. 6d. net. 



English Monastic Life. By the Right 
Rev. Abbot Gasquet, O.S.B. Illustrated. 
Third Editic.u 

Remains op the Prehistoric Age in 
England. By B. C. A. Windle, D.Sc, 
F.R.S. With numerous Illustrations and 
Plans. 

Old Service Books op the English 
Church. By Christopher Wordsworth, 
M.A. , and Henry Littlehales. With 
Coloured and other Illustrations. 

Celtic Art. By T. Romilly Allen, F.S.A. 
With numerous Illustrations and Plans. 



ARCHiGOLOGV AND FaLSB AnTIQUITIBS. 

By R. Munro, LL.D. With ntunerous 
Illustrations. 

Shrines op British Saints. By J. C. Wall. 
With numerous Illustrations and Plans. 

*Thb Royal Forests op England. By J. 
C. Cox, LL.D., F.S. A. With many lUiis- 
trations. 

*Thb Manor and Manorial Records. 
By Nathaniel J. Hone. With many Illus- 
trations. 
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Easy French Rhymes. By Henri Blouet. 
Illustrated. Fcap. Zvo, is. 

Easy Stories prom English History. By 
E. M. Wilmot-Buxton, Author of ' Makers 
of Europe.' Crown ivo, is. 



Easy ExERasss in Arithmetic. Arranged 
by W. S. Beard. Fcap. Svo. Without 
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Williamson, B. A. Fourth Edttian. Fcap. 
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Churchman's Library, The 

General Editor. J. H. BURN, B.D., F.RS.E. 
A series of volumes upon such questions as are occupying the attention ol Church 
people at the present time. The Editor has enlisted the services of a band of 
scholars, who, having made a special study of their respective subjects, are in a 
position to furnish the best results of modern research accurately and attractively. 



The Beginnings of English Christianity. 
ByW.E. Collins, M. A. With Map. Crown 
Zvo. %s. 6d. 

Some New Tecstament Problems. By 
Arthur Wright, M. A. Crown ^vo. 6s. 

The Kingdom of Heaven Here and Here- 
after. By Canon Wintcrbotham, M.A., 
B.Sc, LL.6. Crown 8vo. y. 6d, 

The Workmanship OF the Prayer Book: 
Its Literary and Liturgical Aspects. By J. 
Dowden, D.D. Second Edition* Crown Svo, 
3f . 6d, 



Evolution. By F. B. Jevons, M.A., Litt.D. 

Crown 8vo. 3*. 6d» 
The Old Testament and the New Scholar- 

ship. By J. W. Peters, D.D. Crown Bvo, 

6s, 
The Churchman's Introduction to the 

Old Testament. By A. M. Mackay, B. A. 

Crown Bvo, 3^. 6d, 
The Church of Christ. By E. T. Green, 

M.A. Crown Zvo. 6s. 
Comparative Theology. By J. A. Mac- 

Culloch. Crown Bvo, 6s, 



Classical Translations 

Edited by H. F. Fox, M.A., Fellow and Tutor of Brasenose College, Oxford. 

Crown %vo, 

A series of Translations from the Greek and Latin Classics, distinguished by literary 
excellence as well as by scholarly accuracy. 

^SCHYLUS — Agamemnon, Choephoroe, Eu- 

menides. Translated by Lewis Campbell, 

LL. D. ss. 
Cicero — De Oratore I. Translated by E. N. 

P. Moor, M.A. 3*. 6d. 
Cicero — Select Orations (Pro Milone, Pro 

Mureno, Philippic 11., in Catilinam). Trans- 
lated by H. E. D. Blakiston, M.A. 5^. 
Cicero— De Natura Deorum. Translated by 

F. Brooks, M.A. 3*. 6d. 
Cicero — De Officiis. Translated by G. B. 

Gardiner, M.A. zs. 6d. 



Horace— The Odes and Epodes. Translated 
by A. D. Godley, M.A. 2^.^ 

LuciAN — Six Dialogues (Ni^nus, Icaro-Me- 
nippus, The Cock, The Ship, The Parasite, 
The Lover of Falsehood). Translated by S. 
T. Irwin, M.A. 3*. 6d. 

Sophocles — Electra and Ajax. Translated by 
E. D. A. Morshead, M.A. or. 6d. 

Tacitus — Agricola and Germania. Trans- 
lated by R. B. Townshend. ». 6d. 

The Satires of Juvenal. Translated by 
S. G. Owen. as. 6d, 



Commercial Series, Methnen's 

Edited by H. DE B. GIBBINS. LittD., M.A. 

Crown Zvo, 

A series intended to assist students and young men preparing for a commercial 
career, by supplying useful handbooks of a clear and practical character, dealing 
with those subjects which are absolutely essential in the business life. 



Commercial Education in Theory and 

Practice. By E. E. Whitfield, M.A. 5J. 
An introduction to Methuen's Commercial 

Series treating the question of Commercial 

Education fully from both the point of view 

of the teacher and of the parent. 
British Commerce and Colonies from 

Elizabeth to Victoria. By H. de B. 

Gibbins, Litt.D., M.A. Third Edition. 9s. 
Commercial Examination Papers. By H. 

de B. Gibbins, Litt.D., M.A. is. 6d. 
The Economics op Commerce, By H. de 

B. Gibbins, LittD., M.A. Stcond Editum, 

is, 6d, 



A German Commercial Reader. By S. E. 

Bally. With Vocabulary, zs. 
A Commercial Geography of the British 

Empire. By L. W. Lyde, M.A. Fourth 

Edition, as, 
A Commercial Geography of Forbign 

Nations. By F. C. Boon, B.A. as, 
A Primer of Business. By S. JackscHi, 

M.A. Third Edition, is, 6d. 
Commercial Arithmetic. By F. G. Taylor, 

M.A. Fourth Edition, is. 6d. 
French Commercial Corrbspondbncb. By 

S. £. Bally. With Vocabulary. Third 

Edition, as, 
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Edilsdbyj. H. ButB, B.D. 
HlAVBHtv WlBDOM, A Selection baja l3l» 

English Mystics. Edited by E. C Ov^ari. 
Light, LirG, And Love. A Seleciion fvnn l£f 

Giimaa MyHks. Edited by W. R. Inge. 

•ThbCeto 
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Methuen's Half-Crown Library 

Crown Svo, 2s. 6d, net. 



The Life op John Ruskin. By W. G. 

Collingwrood, M.A. With Portraits. Fourth 

Edition. 
English Lyrics. By W. E. Henley. Second 

Edition. 
The Golden Pomp. A Procession of English 

Lyrics. Arranged by A. T. Quiller Couch. 

Second Edition. 
Chitral : The Story of a Minor Siege. By 

Sir G. S. Robertson, K.C.S.I. Third 

Edition. With numerous Illustrations, Map, 

and Plan. 



Strange Survivals and Superstitions. By 
S. Baring.Gould. Third Edition, 

* Yorkshire Oddities and Strange Events. 
By S. Baring-Gould. Fourth Edition, 

English Villages. By P. H. Ditchfield, 
M.A., F.S. A. With many Illustrations. 

*A Book of English Prose. By W. E. 
Henley and C. Whibley. 

*The Land of the Black Mountain. 
Being a Description of Montenegro. By 
R. Wyon and G. Prance. With 40 Illustra- 
tions. 



Illustrated Pocket Library of Plain and Coloured Books, The 

Fcap Svo. y. 6d. net each volume, 

A series, in small form, of some of the famous illustrated books of fiction and 
general literature. These are faithfully reprinted from the first or best editions 
without introduction or notes. The Illustrations are chiefly in colour. 

COLOURED BOOKS 



Old Coloured Books. By George Paston. 

With 16 Coloured Plates. Fcap. Svo. ss. net. 
The Life and Death of John Mytton, Esq. 

By Nimrod. With 18 Coloured Plates by 

Henry Aiken and T. J. Rawlins. Third 

Edition. 
The Life of a Sportsman. By Nimrod. 

With 35 Coloured Plates by Henry Aiken. 
Handlev Cross. By R. S. Surtees. With 

17 Coloured Plates and 100 Woodcuts in the 

Text by John Leech. 
Mr. Sponge's Sporting Tour. By R. S. 

Surtees. With 13 Coloured Plates and 90 

Woodcuts in the Text by John Leech. 
Jorrocks' Jaunts and Jollities. By R. S. 

Surtees. With 15 Coloured Plates by H. 

Aiken. 

This volume is reprinted from the ex- 
tremely rare and costly edition of 1843, which 

contains Aiken's very fine illustrations 

instead of the usual ones by Phiz. 
Ask Mamma. By R. S. Surtees. With 13 

Coloured Plates and 70 Woodcuts in the 

Text by John Leech. 
The Analysis of the Hunting Field. By 

R. S. Surtees. With 7 Coloured Plates by 

Henry Aiken, and 43 Illustrations on Wood. 
The Tour of Dr. Syntax in Search op 

THE Picturesque. By William Combe. 

With 30 Coloured Plates by T. Rowlandson. 
The Tour of Doctor Syntax^ in Search 

of Consolation. By William Combe. 

With 24 Coloured Plates by T. Rowlandson. 
The Third Tour op Doctor Syntax in 

Search of a Wife. By William Combe. 

With 24 Coloured Plates by T. Rowlandson. 
The History of Johnny Quae Genus : the 

Little Foundling of the late Dr. Syntax. 

By the Author of * The Three Tours.* With 

34 Coloured Plates by Rowlandson. 



The English Dance of Death, firom the 
Designs of T. Rowlandson, with Metrical 
Illustrations by the Author of 'Doctor 
Syntax.' Two Volumes, 
This book contains 76 Coloured Plates. 

TheDanceofLife:A Poem. By the Author 
of 'Doctor Syntax.' Illustrated with s6 
Coloured Engravings by T. Rowlandson. 

Life in London : or, the Day and Nieht 
Scenes of Jerry Hawthorn, Esq., and nis 
Elegant Friend, Corinthian Tom. By 
Pierce Egan. With 36 Coloured Plates by 
I. R. and G. Cruikshank. With numerous 
Designs on Wood. 

Real Life in London : or, the Rambles 
and Adventures of Bob Tallyho, Esq^ and 
his Cousin, The Hon. Tom Dasmdl. By an 
Amateur (Pierce Egan). With 31 Coloured 
Plates by Aiken and RowlandsoDi etc. 
Two Volumes. 

The Life of an Actor. By Pierce Egan. 
With 37 Coloured Plates by Theodore Lane, 
and several Designs on Wood. 

The Vicar of Wakefield. By Oliver Gold- 
smith. With 24 Coloured Plates byT. Row- 
landson. 
A reproduction of a very rare book. 

The Military Adventures op Johnnv 
Newcomb. By an Officer. With 15 Coloured 
Plates by T. Rowlandson. 

The National Sports of Great Britain. 
With Descriptions and 51 Coloured Plates 
by Henry Aiken. 

This book is completely different from the 
large folio edition of * National Sports ' by 
the same artist, and none of the plates are 
similar. 

The Adventures op a Post Caftain. By 
A Naval Officer. With 34 Coloored Plates 
by Mr. Williams. 

[Cpntinned, 
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S. W. Finn, M.A 

Junior School-Books, Metfanen's 

Edited by O. D. INSKIP, I.L.D., and W. WtLl-iAMEON, B.A. 

Aaeriei of elenienmy honks for pupils in lower forms, simply wriltiai 

by teachers of expericiDce. 

..A Ctist^ooK OF Dictation PA'aAoia. By I The Gospbl AetoBDtNC TO Si. Mo 

'* W.Willi»ni«on.B.A. TnlhB^Hn. CrfUm lIMilHl by B. Wilton S^th, M,A 

, am It. 6iL I ThFM Maps. CtvwtiBt, u. Ml 
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Mbthubn's Junior ScaooL'BooKS—coniintted, 

Thb Gospel Accordingto St. Mark. Edited 
by A. £. Rubie, D.D. With Three Maps. 
Crown Bvo. js, 6d* 

AJuNioR English Grammar. By W. William- 
SCO, B. A. With numerous passages for parsing 
and analysis, and a chapter on ^ssay Writing. 
Second Edition, Crown Bvo, as. 

A Junior Chemistry. By E. A. Tyler, B. A. , 
F.C.S. With 78 Illustrations. Second Edi- 
tion. CroTun Bvo, as. 6d, 

The Acts of the Apostles. Edited by A. 
E. Rubie, D.D. Crown Bvo. as, 

A Junior French Grammar. By L. A. 
Sornet and M. J. Acatos. CroTvn Bvo. as. 

Elementary Experimental Science. Phy- 
sics by W. T. Clough, A.R.C.S. Chemistry 



by A. E. Dunstan, B.Sc. With a Plates aad 

154 Diagrams. Crown 800. as, 6d, 
A Junior Gbomxtry. By Noel S. Ljrdon. 

With 339 Diagrams. Crown Bvo, 9$, 
*A Junior Magnetism and Elbctricitt. By 

W. T. Clough. With many IlhistratioQS. 

Crown Bvo, 
Elementary Experimental Chemistry. 

By A. E. Donstan, B.Sc. With 4 Plates 

and 109 Diagrams. Crown Bvo, as, 
A Junior French Prose Composttion. 

By R. R. N. Baron, M. A. Crown Bzfo, as, 
*Thb Gospel According to St. Luke. With 

an Introduction and Notes by William 

Williamson. B. A. With Three Maps. Crown 

Bvo. IS. 6a, 



Leaders of Beligion 

Edited by H. C. BEECHING, M.A., Canon of Westminster IVifh Portraits, 

Crown 8vo, 2s, net, 

A series of short biographies of the most prominent leaders of religious life 
and thought of all ages and countries. 



Cardinal Newman. By R. H. Hutton. 
John Wesley. By J. H. Overton, M. A. 
Bishop Wilberporcb. By G. W. Daniell, 

M.A. 
Cardinal Manning. By A. W. Hutton, M.A. 
Charles Simeon. By H. C. G. Moule, D.D. 
John Keblb. By Walter Lock, D.D. 
Thomas Chalmers. By Mrs. Oliphant. 
Lancelot Andrewes. By R. L. Ottley, 

D. D. Second Edition, 
Augustine op Canterbury. By E. L. 

Cutts, D.D. 



William Laud. By W. H. Hutton, M.A. 

Third Edition, 
John Knox. ByF.MacCtmn. Second Edition, 
John Howe. By R. F. Horton, D.D. 
Bishop Ken. By F. A. Clarke, M.A. 
George Fox, the Quaker. By T. Hodgldn, 

D.C.L. 
John Donne. By Augustus Jessopp, D.D. 
Thomas Cranmer. By A. J. Mason, D.D 
Bishop Latimer. By R. M. Carlyle and A. 

J. Carlyle, M.A. 
Bishop Butler. By W. A. Spooner, M.A. 



Little Blue Books, Tlie 

General Editor, E. V. LUCAS. 

Illustrated, Demy i6mo, 2s, 6d, 

A series of books for children. The aim of the editor is to get entertaining or 
exciting stories about normal children, the moral of which is implied rather man 
expressed. 

6. The Treasure op Princbcatb Priort 
By T. Cobb. 

7. Mrs. Barberry's General Shop. By 

Roger Ashton. 

8. A Book op Bad Childrbn. By W. T. 

Webb. 

9. The Lost Ball. By Thomas Cobb. 



z. The Castaways op Meadowbank. By 

Thomas Cobb. 
3. The Beechnut Book. By Jacob Abbott 

Edited by E. V. Lucas. 

3. The Air Gun. By T. Hilbert. 

4. A School Year. By Netta Syrett. 

5. The Peelbs at the Capital. By Roger 

Ashton. 



Little Books on Art 

PVitA many Illustrations. Demy iSmo, 2s, 6d, net. 

A series of monographs in miniature, containing the complete outline of the 
subject under treatment and rejecting minute details. These books are produced 
with the greatest care. Each volume consists of about 200 pages, and contains from 
30 to 40 illustrations, including a frontispiece in photogravure. 

Grebk Art. Second Edition, H. B. Walters. I Rkvnolds. J. Sime. 
BooKPLATBS. E. Almadc | Romnby. George Paston. 

[ Conttin$§m, 
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Messrs. Methuen's Catalogue 



LiTTLB Books on ART-^fiMiimutd. 

Watts. R. E. D. Sketchley. 

Lbigkton. Alice Corkran. 

Vklasqubz. Wilfrid Wilberforce and A. R. 

Gilbert. 
Gbbuzb and Boucher. Eliia F. Pollard. 
Vandvck. M. G. Smallwood. 
Turner. Frances TyrelLGill. 
DOrbr. Jessie Allen. 
UoppNBR. H. P. K. Skipton. 
Holbein. Mrs. G. Fortescue. 



BumcB- Joins. Fortnnte de LUib 
Rbmbramdt. Mrs. S. A. Shan 
CoROT. Alice Pollard and Ethel BimstiiigL 
Rapkabu a. R. DryhursL 
MiLL-BT. Netta Peacock. 
Illuminated MSS. J. W. Bradley. 
Christ in Art. Mrs. Henry Jenner. 
Jewellery. Cyril Davenport. 
*Claudb. Eklinud Dillon. 



Idttle Galleries, Tlie 

Dtmy i6mo, zr. 6d, net, 

A series of little books containing examples of the best work of the great paintersL 
Each volume contains 20 plates in photogravure, together with a short outline of the 
life and work of the master to whom the book is devoted. 



A Little Gallery of Reynolds. 
A Little Gallery of Romney. 
A LiTTLB Gallery of Hoppnbr. 



A Little Gallbrt op Millais. 

A Littlb Gallbbt of English Posts. 



Little Guides, Tlie 

Small Pott Svo, cloth^ 25, 6d, net; leather ^ y. 6d, net. 



Oxford and its Colleges. By J. Wells. 

.\LA. Illustrated by E. H. New. Fourth 

Edition, 
Cambridge and its Colleges. By A. 

Hamilton Thompson. Second Edition, 

Illustrated by E. IL New. 
The Malvern Country. By B. C A. 

WHndle, D.Sc., F.R.S. Illustrated by E. 

H. New. 
Shakespeare's Country. By B. C. A. 

Windle, D.Sc., F.R.S. Illustrated by E. 

H. New. Second Edition. 
Sussex. By F. G. Brabant, M.A. Illustrated 

by E. H. New. 
Westminster Abbey. By G. E. Troutbeck. 

Illustrated by F. D. Bedford. 
Norfolk. By W. A. Dutt. Illustrated by 

B. C. Boulter. 
Cornwall. By A. L. Salmon. Illustrated 

by B. C Boulter. 
Brittany. By S. Baring-Gould. Illustrated 

by J. Wylie. 
Hertfordshire. By H. W. Tompkins, 

F.R.H.S. Illustrated by E. H. New. 
The English Lakes. By F. G. Brabant, 

M.A. Illustrated by E. H. New. 



Kent. By G. Clinch. lUurtraked by F. D. 

Bedford. 
Rome By C. G. Ellaby. IJastnted by B. 

C Boulter. 

The Islb of Wight. By G. Clinch. Illus. 
trated by F. D. Bedford. 

Surrey. By F. A. H. Lambert. IllutFated 

by E. H. New. 
Buckinghamshire. By B. S. Rosooe. Illiu- 

trated by F. D. Bedford. 

Suffolk. By W. A. Dutt. Illaitrated by J. 

Wylie. 
Derbyshibb. By J. C. Cox, LL.D., F.S.A. 

IllustiatedbyJ. CWall. 

The North Riding of Yorkshibb. By J. 
E. Morris. Illustrated by R. J. S. 
Bertram. 

Hampshire. By J. C Cox. lUiutrated by 
M. E. Purser. 

Sicily. By F. H. Jackson. With 
Illustrations by the Author. 

Dorset. By Frank R. Heath. lUostrated. 

Cheshire. By W. M. Gallichan. Illustrated 

by Elisabeth Hartley. 



many 



Little Library, The 

With Introductions, Notes, and Photogravure Frontispieces. 
Small Pott Svo, Each Volume, cloth, is, 6flf, net; leather, 2s. 6d, net. 
A .<;eries of small books under the above title, containing some of the famous works 
in English and other literatures, in the domains of fiction, poetry, and belles lettres. 
The series also contains volumes of selections in prose and verse. 

The books are edited with the most sympathetic and scholarly care. Each one 
contains an introduction which gives (z) a short biography of the author; (2) a 
critical estimate of the book. Where they are necessary, short notes are added at 
the foot of the page. 
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Inoa. ENGLISH LYRICS, A LITTLE 
BOOK OF. 

Anaten (Jane). PRIDE AND PREJU- 
DICE. Kdiied by E, V. LVCAS. Ttoo 

NORTHANGER ABBEY. Edi«d by E. V, 



5NDS. Ed[u 

Mri?P. A). - - 

IGLISH PROSE. 

_1 IWlUlam). THE HISTORY 

OF THE CALIPH VATHEK. Edited 
by E. Dkhison Rosb. 

Bli&e (Vimam). selections from 

WILLIAM BLAKE. Ed[led by M. 

Borrow {oiorge). lavengro. Edited 



Brownjug JBolnrt). 



g jBobertl. 

FROM THE EARLY POEMS OF 
KOBERT BROWNING. Ediied by W. 
Hall Gbivfih, U.A. 

' ' — (OwnB), SELECTIONS FROM 

ANTfJACOBIN: with Gbohge 
.... -J*.- — , r.___.^ Edited by 



Ciiaana'a adcUii 



Oialk {Hra,). 



S OF RICHARD CRAWSHAW. 



.„ JOHNHALIFA 

GENTLEMAN. Ediied hy Ai 

Crowsbaw (Rlohflrd). THE i 
""■"'■- "■=■ ""'HASD CRi" 

Edited by EOWABD HUTTOK. 

SKLte lAllg&ieiD. THE INF 

M.A., D.LitI 

iRIOOFDi^ ~ 

THe"paRAd'is6''of"dANTE, Ttans. 
lated by H, F. Caev. Ediied by PACsr 

TOT«BBB,M.A.,D.Lilt. 

Daner (Oboixs). selections from 

THE POEHS OF GEORGE DARLEY. 
Ediied by R. A. Strkatpbild. 
Smna (A C). A LITTLE BOOK OF 
LIGHT VERSE. 

1B00KS, 



Ferrler (Sna&n), MARRIAGE. Edited 



THE INHERITANCE. Thw TbAlwh. 
BaakBllCUra.). CRANFORD. Edited by 

HBWttomBWatliajiieii.THESCARLET 



ducLioa by L. B1NVON, and Ng|« by J 

King^MA W.l. EOTHEN. With lu 

'- — '■— ' J Notes. 

ELIA, AND THL 
OF ELIA. Edited by 

Li>ciar(F.f. LONDON LYRICS, Ediied 

KrMEditioD. ' ' ''"" 

LOngteYlow iU. v.}. SELECTIONS 

FSOM LONGFELLOW. Edited hy 

L. M. Faith FULt. 
HarreU (Andrew). THE POEMS OF 

...r,,,,.,.. ...T.,™rT Edjied by E. 



HoirCD.HK MA^SIE WAUCH. Edited 

byF. Hehqsrsoh. 
mctlolB (J. B. B.). A LITTLE BOOK OF 
ENGLISH SONNETS. 

BocbMoncanld <La). the maxims OF 

LA ROCHEFOUCAULD. Tranilntrd 
by Dean Stahhopb. Edited by G. H. 

BmitiiiHonKBajidJanieB). rejected 

ADDRESSES, Ediied liy A. D. Godlbv, 

Sterne iLauretice), A SENTIMENTAL 
JOUHNEY. Edited by H. W. Paul. 

TannTBoa (Alfred, lord), the early 

POEMS OF ALFRED, LORD TENNY. 
SON. Edited by J, Chubtos CotLniB. 

IN 'mEMORIAM. Edited by H. C. 

Beechinq, M.A. 
THE PRINCESS. Edited by Elkabkth 



CHRISTMAS BOOKS. 



''audian [] 
HENRY 1 



THE POEMS OF 



MBSSR& UrrHoeN*s Catalogue 
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Idlatan UteuT, Hetttvan'a 
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nw Oxford BlopftphlAB 
At/. SfW. Aae4 tvtumt. iiith, m. M. ntl ; Uathfr, y. td. tat. 
The*s bookt are wrinon \>j •cholnri of rrpuit, vha rorabme kocratcdp sni 
^ UlcnuT ikll] wllh the po««r of popukt luvwcil^lion, 'Ibcy us UluilnUi] (ran 
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With 11 IlliuimiBiu. Satiik 

BAniHAiiiii.k Br B. L. S. SDnburib, U.A. 

Willi 11 lOoHlslioiit. Stcm>dUltitll-<t. 
|oim UErnAim. «f li. C S. Clbm. U.l>>, 

VkuefLwb. Willi II DliBiniioM, 
lu-noH. fir A. C Bbiddh, M.A. Willi 

( llJuunllou. 
WaitU RAI.1UH. By I. A T>^» With 

.1 IllUD.lion.. 

;. r. 11. c«p«T. wiih I* 

»««ii»ji. Pv r, S. TMfy. 



I riBHCII SXAMIHATtON PArU*. B* A. M. 

M. Siidiun, M.A. Thirltnlk KdiMt. 
A Kkv, liHwd to Tuioti wid Prtvm* 

SiuiJinu cnlytLi hE liAit an BpulialW 
■a td! PubliilKn. F(flh EdltiiH. 

Latin KuHiHATioHpAnns. BvA. M. M, 
SixliiMn.M.A. TB-itfli Editita. 
Kav {Pmirth BdMat) ioued u ftbovc. 

Cl*>K BXAMIHATIOH Pafbbs. By A. M. M. 

Kmi (5>cndt £<iiiini iuu^ u Abnit 






B» T. 

s. M-i»Hn. yntt n 

sin. Br Ann. U. SuH- 

"a. Ph^p.. WW. n 

OlACeiismui. By WallH Sicbrf Wilt u 

DlDittnltDu. 
CmTMB. St H. G. Aiklai. Wlih ii 

•Fral^M. By Vim. 






By X. E 



Puma KltAIIIHATTOlI Pafbu, 
!iM*l,M.A., F.CS 

P.t«». »y A. M. U. Slolmu, ILA. 
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Social Questions of To-day 

Edited by H. de B. GIBBINS, Litt.D., M.A. Crown Zvo, 2J, 6d, 

A series of volumes upon those topics of social economic, and industrial interest 
that are foremost in the public mind. 

Each volume is written by an author who is an acknowledged authority upon the 
subject with which he deals. 

The Factory System. By R. W. Cooke- 
Taylor. 
The State and its Children. By Gertrude 

Tuckwell. 
Women's Work. By Lady Dilke, Miss 

Bulley, and Miss Whitley. 
Socialism and Modern Thought. By M. 

Kauffmann. 
The Problem of the Unemployed. By J. 

A. Hobson, M.A. 
Life in West London. By Arthur Sherwell, 

M.A. Third Edition, 
Railway Nationalization. By Clement 

Edwards. 
Workhouses and Pauperism. By Lotiisa 

Twining. 
University and Social Sbttlbmbnts. By 

W. Reason, M.A. 



Trade Unionism— New and Old. By G. I 

Howell. Third Edition. j 

The Co-operative Movement To-day. By 

G. J. Holyoake. Fourth Edition. , 

Problems of Poverty. By J. A. Hobson, ; 

M.A. Fifth Edition. \ 

The Commerce of Nations. By C. F. 1 

Bastable, M.A. Third Edition. 
The Alien Invasion. By W. H. Wilkins.B-A. | 
Thf. Rural Exodus. By P. Anderson ! 

Graham. 
Land Nationalization. By Harold Cox, 

B.A. 
A Shorter Working Day, By H. de Gibbins 

and R. A. Hadfield. 
Back to the Land. An Inquiry into Rural I 

Depopulation. By H. E. Moore. | 

Trusts, Pools, and Corners. By J. Stephen ; 

Jeans. 



Methuen's Standard Library 

Edited by SIDNEY LEE. In Sixpenny Volumes, 

Messrs. Methuen are publishing a new series of reprints containing both books of classical 
repute, which are accessible in various forms, and also some rarer books, of which no satisfactorv 
edition at a moderate price is in existence. It is their ambition to place the best books of all 
nations, and particularly of the An^lo-Saxon race, within the reach of every reader. All the 
great masters of Poetry, Drama, Fiction, History, Biography, and Philosophy will be repre- 
sented. Mr. Sidney Lee is the General Editor of the Library, and he contributes a Note to 
each book. The characteristics of Methuen's Standard Library are five : — x. Soundnbss 
OF Text. 2. Completeness. 3. Cheapness. 4. Clearness of Type. 5. Simplicity. 
In a few cases very long buoks are issued as Double Volumes at One Shilling net or as Treble 
Volumes at One Shilling and Sixpence net. The volumes may also be obtained in doth at 
One Shilling net, or in the case of a Double or Treble Volume at One and Sixpence net or 
Two Shillings net. 

These are the early Books, all of which are in the Press — 



The Works of William Shakespeare. In 

10 volumes. 
Vol. i.— The Tempest ; The Two Gentlemen 

of Verona ; The Merry Wives of Windsor ; 

Measure for Measure ; The Comedy of 

Errors. 
Vol. II. — Much Ado About Nothing ; Love's 

Labour's Lost; A Midsummer Night's 

Dream ; The Merchant of Venice ; As You 

Like It. 
Vol. III.— The Taming of the Shrew ; All 's 

Well that Ends Well; Twelfth Night ; The 

Winter's Tale. 
•VoL IV.— The Life and Death of King John ; 

The Tragedy of King Richard the Second ; 

The First Part of King Henry iv. ; The 

Second Part of King Henry iv. 



*Vol. v.— The Life of King Henry v. ; The 
First Part of King Henry vi. ; The Second 
Part of King Henry vl 
*VoI. VI.— The Third Part of King Henry vi. : 
The Tragedy of King Richard iii. ; The 
Famous History of the Life of King 
Henry viii. 
The Pii grim's Progress. By John Bunyan. 
The Novels of Jane Austen. In 5 volumes. 

Vol. I. — Sense and Sensibility. 
The English Works op Francis Bacon, 
Lord Vbrulam. 
Vol. I. — Essays and Counsels and the New 
Atlantis. 
Thb P<»ai8 andPlats op Olivbr GoLDSMtnt. 
On thb Imitation op Chiust. By Thooias 
kKempis. 
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Methdbn's Standard Library— fMi/intfA/. 

Thk Works of Bkn Jonson. In about 12 
volumes. 
*yoL. I.— The Case ia Altered ; Erery Man 
in His Humour; Every Man out of His 
Humour. 
*VoI. II. ^Cynthia's Revels ; The Poetaster. 
Thk Pkosk Works op John Milton. 

*VoL. I. — Eikonoklastes and The Tenure of 
Kinf^ and Maeistrates. 
Select Works of Edmund Burke. 

Vul. I. — Reflectionsonthe French Revolution. 
The Works of Henry Fielding. 

Vol. I . — Tom Jones. (Treble Volume. ) 
The Poems of Thomas Chatterton. In 2 
volumes. 
*Vol. I. — Miscellaneous Poems. 
"The Life op Nelson. By Robert Southey. 
The Meditation's of Marcus Aurelius. 

Translated by R. Graves. 
The History op the Decline and Fall of 
the Roman Empire. By Edward Gibbon. 
In 7 volumes. 

The Notes have been revised by J. B. 
Bury, LitLD. 
The Plays of Christopher Maklowb. 
*Vol.L—Tamburlane the Great: The Tragi- 
cal History of Doctor Faustus. 
*The Natural History AND Antiquities of 
Skluorne. ByGUbcrt White. 



Thb Poems of Pbsct Bysshb Shbllxt. Ia 
4 volumes. 
"Vol. I.— Alaator ; The DMmoa of dw Worid ; 

The Revolt of Islam, etc 
*Vol. iL^Prometbcus Unbound ; TheCond ; 
The Masque of Anarchy; Peter Bell ilie 
Third ; Ode to Liberty ; The Witch of 
Atlas ; Ode to Naples ; &dipoa Tyimmms. 
The text has l^een revised by C. D. Looodc. 
*The Little Fi.owers of St. Fbamcis. 

Translated by W. Heywood. 
The Works of Sir Thomas Bbownb. In 6 
volumes. 
*Vol. I.— Relieio Media and Um Burial 
Thk Poems of John Milton. In a voliinie& 
*Vol. I. —Paradise Lost. 
* Vol. II. — Miscellaneous Poems and Paradise 
Regained. 
Select Works of Sir Thomas Morb. 

*Vol. I. — Utopia and Poems. 
*Thb Analogy of Rbucion, Natural and 

Revealrd. By Joseph Butler, D.D. 
*Thb Plays of Philip Massingbr. 

Vol. I.— The Duke of Milan; The Bond- 
man ; The Roman Actor. 
*The Poems of John Kbats. In 3 toIubms. 
*The Republic of Platy). Translated by 
Taylor and Sydenham. 



Technology, Textbooks of 

Edited by Professor J. WERTHEIMER, F.I.C. 
Fully Illustrated, 



How to Make a Dress. By J. A. E. Wood. 

Third Edition. Crown 8vo, u. 6d. 
Carpentry and Joinery. By F. C. Webber. 

Third Edition. Crown Bvo. ^s. 6d. 
Practical Mechanics. By Sidney H. Wells. 

Third Edition. Crown Bvo. 3^ . 6d, 
Practical Physics. By H. Stroud, D.Sc, 

M.A. Crown Bvo, y. 6d, 
Millinery, Theoretical and Practical. 

By Clare HilL Second Edition, Crown Bvo. 

Practical Chemistry. Part l By W. 
French, M.A. Crown Bvo, Third Edition. 
IS. 6d, 



Practical Chemistry. Part 11. By W. 
French, M.A., and T. H. Boardman, M.A. 
Crown Bvo. is. 6d. 

Technical Arithmetic and Gbombtrv. 
By C T. MUlis, M.I.M.E. Crvum tow. 
y, td. 

An Introduction to thb Study or Tex- 
tile Design. By Aldred F. Barker. Dtmy 
Bvo, 7J. 6d. 

Builders' Quantities. By H. C Grnbhi 
Crown Bvo, \s, 6d. 

Repouss£ Metal Work. By A. C Horth. 
Croom Bvo, sx. 6d, 

Theology, Handbooks of 

Edited by R. L. Ottley, D.D., Professor of Pastoral Theology at Oxford, 

and Canon of Christ Chnrch, Oxford. 

The series is intended, in part, to famish the clergy and teachers or students of 
Theology with trustworthy Text-books, adequately representing the present position 
of the questions dealt with ; in part, to make accessible to the reading puUic an 
accurate and concise statement of facts and principles in all questions bearing on 
Theology and Religion. 

An Introduction 
Rbugeon. By 
Litt.D. Third 



The XXXIX. Articles op the Church or 
England. Edited by E. C & Gibson, 
D.D. Third and Cheaper Edition in one 
Vslume, Demy Zvj, i2j. 6^. 



70X. td. 
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Handbooks of Theology — continued. 

The Doctrine of the Incarnation. By R. 

L. Ottley, D.D. Second and Cheaper 

Edition. Demy 8vo. 12s. 6d. 
An Introduction to the History of the 

Creeds. By A. E. Burn, B.D. Demy 

Zvo. JOS. 6d. 



The Philosophy of Religion in England 

AND America. By Alfred Caldecott, D.D. 

Demy Zvo, 10s. 6d. 
A History op Early Christian Doctrine. 

By J. F. Bethune Baker, M.A. DemyBvo, 

zox. 6d, 



Westminster Commentaxies, The 

General Editor, WALTER LOCK, D.D., Warden of Keble College, 
Dean Ireland's Professor of Exegesis in the University of Oxford. 

The object of each commentary is primarily exegetical, to interpret the author's 
meaning to the present generation. The editors will not deal, except very subor- 
dinately, with questions of textual criticism or philology ; but, taking the English 
text in the Revised Version as their basis, they will try to combine a hearty accept- 
ance of critical principles with loyalty to the Catholic Faith. 



The Book of Genesis. Edited with Intro- 
duction and Notes by S. R. Driver, D.D. 
Fourth Edition Demy Zvo. 10s. 6d, 

The Book of Job. Edited by E. C. S. Gibson, 
D.D. Second Edition. Demy Zvo. 6j. 

The Acts of the Apostles. Edited by R. 
B. Rackham, M.A. Demy Zvo, Second and 
Cheaper Edition, los, 6d. 



The First Epistle of Paul the Apostle 
TO the Corinthians. Edited by H. L. 
Goudge, M.A. Demy Zvo. 6s. 

The Epistle of St. James. Edited with In* 
troduction and Notes by R. J. Knowling, 
M.A Demy Zvo. 6s, 



Part II. — Fiction 



Albanesi (E. Marian Susannah and 

ONE OTHER. Fourth Edition, Crown 

Zvo. 6s. 
THE BLUNDER OF AN INNOCENT. 

Second Edition, Crown Zvo. 6s. 
CAPRICIOUS CAROLINE. Second Edi- 
tion, Crown Zvo. 6s. 
LOVE AND LOUISA Second Edition, 

Crown Zvo. 6s. 
PETER, A PARASITE. Crown Zvo. 6s. 
THE BROWN EYES OF MARY. Crown 

Zvo. 6s. 
Anstey (F.\ Author of 'Vice Versa.' A 

BAYARD FROM BENGAL. Illustrated 

by Bernard Partridge. Third Edition, 

Crown Zvo. 3J. 6d. 
Bacheller drying). Authorof *Eben Holden.' 

DARREL OFTHE BLESSED ISLES. 

Third Edition. Crown Zvo, 6s. 
Bagot (Richard). A ROMAN MYSTERY. 

Third Edition, Crown Zvo. 6s. 
THE PASSPORT. Second Ed. Cr.Zvo. 6s. 
Balfour (AndrewX See Shilling Novels. 

Baring-Goiad (S.). ARMINELL. Fifth 

Edition, Crown Zvo. 6s, 
URITH. Fifth Edition. Crown Zvo. 6s. 
IN THE ROAR OF THE SEA. Seventh 

Edition. Crown ZzHf, 6s, 
CHEAP JACK ZITA. Fourth EdiHon, 

Crown Jovo. 6s. 
MARGERY OF QUETHER. Third 

Edition. Crown Zvo, 6s, 



THE QUEEN OF LOVE. Ftflk Edition. 

Crown Zvo, 6s. 
JACQUETTA. Third Edition. CrownSvo, 6s, 
KITTY ALONE. Fifth Edition. Cr,Bvo, 6s, 
NOEMI. Illustrated. Fourth Edition. Crown 

Zvo, 6s, 
THE BROOM-SQUIRE. Illustrated. 

Fourth Edition. Crovm Zvo, 6s, 
DARTMOOR IDYLLS. Crovm Zvo, 6s, 
THE PENNYCOMEQUICKS. Third 

Edition. Crovm Zvo. 6s, 
GUAVAS THE TINNER. Illustrated. 

Second Edition. Crown Zvo, 6s, 
BLADYS. Illustrated. Second Editicn. 

Crown Zvo. 6s. 
PABO THE PRIEST. Crown Zvo. 6s, 
WINEFRED. Illustrated. Second Edition. 

Crown Zvo, 6s. 
ROYAL GEORGIE. Illustrated. Cr. Bvo, 6s. 
MISS QUILLET. Illustrated. CrovmZvo, 6s, 
CHRIS OF ALL SORTS. Crown Zvo, 6s. 
INDEWISLAND. Second Edition. Crovm 

Zvo. 6s, 
LITTLE TUTENNY. AHewEditu^ 6d. 

See also Shilling Novels. 
Barlow (Jane). THE LAND OF THE 

SHAMROCK. Crovm Zvo. 6s, See also 

Shilling Novels. 

Bazr (Robert). IN the midst OF 

ALARMS. Third Edition, CroumBv^, 6s. 
* A book which haa abnndaoriy sa t isfied us 

by its capital hvaaowc'—Dai/y Chronicle, 
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THE MUTADI.E MANY. Third Kditicn, 

CrffWM Bi'o. ts. 
'There is much inbight in it, and much 

excellent humour.' — J)ai/y CkronicU. 
THE COUNTESS TEKLA. Third Edition. 

Crawm Bzv. 6f . 
*0f these mediaeval romances, which are 

now gaining ground, *' The Countess Tekla " 

is the very oest we have leeu. — Pall Mall 

Gatette. 
THE LADY ELECTRA. Second Edition. 

Crown %vo. ts» 
THE TEMPESTUOUS PETTICOAT. 

Third Edition, Crown 2jvo. 6s. 
See also Shilling Novell. 
Besbie (Harold). THE ADVENTURES 

OF SIR JOHN SPARROW. CrownZvo.ts. 

BellocrHilaire). em m anuel burden, 

MERCHANT. With 36 Illustrations by 
G. K. Chkstkrton. Second Edition. 
Crown 8tw. 6f . 
Benson (E. F.). See Shilling Novels. 

Benson (Margaret). SITKJKCT TO 

VANITY. CnnfnZvo. y.6d. 
Besant (Sir Walter). See Shilling Novels. 
Bourne (Harold C). See V. I^angbridf^e. 

Burton (J. BlonndelleX THE year 

ONE: A Page of the French Revolution. 

Illustrated. Croivn Zvo. 6s. 
THE FATE OF VALSEC. Crown 8w. 6*. 
A BRANDED NAME. Crown Bvo. 6s. 

See a\si> Shilling Novels. 
Capes (BemaxdX Author of ' The Lake of 

Wine.' THE EXTRAORDINARY CON- 

FESS IONS OF DIANA PLEASE. Third 

Edition. CroTtin Svo. 6s. 
A JAY OF ITALY. T/urdEd. Cr.Zvo. 6s. 

cnesnerCWeatnertiy). THE TRAGEDY 

OF THE GREAT EMERALD. Crown 

Zvo. 6s. 
THE MYSTERY OF A BUNGALOW. 

Second Edition. Crorvn Srw. 6s. 
See also Shilling Novels. 
Clifford (HnghX A FREE LANCE OF 

TO-DAY. Crown 8w. 6s. 
Clifford (tfrs. W. K.). See Shilling Novels 

and Books for Boys and Girls. 
Cobb (Thomas). A CHANGE OF FACE. 

Crown Bvo. 6s. 

Corelli (Marie). A ROMANCE OF Two 

WORLDS. Twenty-Fifth Edition. Crown 

Bvo. 6s. 
VENDETTA. Twenty-First Edition. Crown 

Zvo. 6s. 
THELMA. Thirty-Second Edition. Crown 

%vo. 6s. 
ARDATH: THE STORY OF A DEAD 

SELF. Fifteenth Edition. Crown ivo. 6s. 
THE SOUL OF LILITH. Twelfth Edition. 

Crown Bvo. 6s. 
WORMWOOD. Fourtetntk EdiHon. Crown 

2vo. 6s. 
BARABBAS: A DREAM OF THE 

WORLD'S TRAGEDY. Fortieth Edi- 
tion, Crown 8tv. 6s. 



The tendflr revcnncc of Um treatmeat 
and the imaginative beauty of the wiitiqg 
have reconciled us to the dariii|f of the con- 
ception, lliis "Dream of the World's 
Tragedy** is a lofty and not inadequate 
parsphrase of the snneme climax « tlie 
inspu«d narrative.' — Dmblhs Rtvigm* 

THE SORROWS OF SATAN. Ftrir 
Ninth Edition. Crown Stvw 6f . 

A very powerful piece of woik. ... 
The conception is magnificent, and is likely 
to win an abiding place within the memonr 
of man. . . • The author has immense com- 
mand of languagje, and a limitless andadty. 
. . . This interesting and remafkahleniflMBOB 
will live long after much of the ephemenl 
literature of the day is forgotten. • - • A 
literary phenomencm . . . novel, and even 
sublime.'— W. T. Stkad in iSbit RtuUm ef 
Rtvitws. 

THE MASTER CHRISTIAN. 165M 
Thousand Crown Zvo, 6s, 

' It cannot be denied that '*The Master 
Christian "is a powerful book ; that it is one 
likely to rais^ unoomfiMtable qnestions in all 
but the most self-satisfied readers, and that 
it strikes at the root of the fisilure of the 
Churches— the decay of faith — in a manner 
which shows the inevitable disaster heapng 
up. . . . The good Cardinal Boapri u a 
beautiful figure, fit to stand beside the Kood 
Bishop in ^' Les Mis^rables." It U a book 
with a serious purpose czpreued with absolute 
unconventionality and passion. • . . And tUs 
is to say it is a book worth reading.'— 
Examiner, 

TEMPORAL POWER: A STUDY IN 
SUPREMACY. xyothTktmtMsU. Crwmm 
Zvo. 6s. ^ 

' It is impossible to read such a work as 
" Temporal Power " without becoming con- 
vinced that the story is intended to comcy 
certain criticisms on the wajrs of the waA 
and certain suggestions for the betterment 
of humanity. • . . If the chief intention of 
the book was to hold the mirror up to ahami, 
im'ustice, dishonesty, cruelty, and n^^ect 
ofconscience, nothing but praise can be given 
to that mt^Titiaa.'^Momsni' Pott. 

GOD'S GOOD MAN : A SIMPLE LOVE 
STORY. xxAthThonsoMd, CrvwonZvo, fir. 

C0tes(lfr8. Everard). See Sara Jeannette 
Duncan. 

CottereU (Ooiutaiioe). THE VIRGIN 

AND THE SCALES. Second Mditwrn, 
Crown Zvo. fir. 

Crane (Bteplieiii) and Btrr (Bolwrt). 

THEO'RUDDY. Crown Bvo. fir. 
Crockett (S. R.X Author of *The Raiden,* 

etc LOCHINVAR. Tlhistiated. Stumd 

Edition. Crown Svo. 6s, 
THE STANDARD BEARER. CrmmBm, 

fir. 
CrokerOLK.). ANGBL. FomrtkEdmm. 

Crotvn Bvo, dr. 
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PEGGY OF THE BARTONS. Sixth Edit. 

Crown 8v0. 6s, 
THE OLD CANTONMENT. CrorvnBvo. 6s. 
A STATE SECRET. Third EdiHon, Crown 

Bvo, 3J. 6d. 
JOHANNA. Second Edition. Crown Bvo. 6s. 
THE HAPPY VALLEY. Third Edition. 

Crown Bvo. 6s. 
A NINE DAYS' WONDER. Crown Bvo. 6s. 
Dawson (A. J.). DANIEL WHYTE. 

Crown Bvo. 3J. 6d. 
Doyle (A. Conan), Author of 'Sherlock 

Holmes,' 'The White Company,' etc. 

ROUND THE RED LAMP. Ninth 

Edition. Crown Bvo. 6s. 

Dnncan (Sara Jeannette) (Mrs. EverarJ 

Cotes). THOSE DELIGHTFUL 

AMERICANS. Illustrated. Third 

Edition. Crown Bvo. 6s. 
THE POOL IN THE DESERT. Crown 

Bvo. 6s. 
A VOYAGE OF CONSOLATION. Crown 

Bvo. 3f . 6d. 

Findlater( J. H.). the green graves 

OF BALGOWRIE. Fi/th Edition. 
Crown Bvo. 6s. 

Findlater (Mary). A narrow way. 

Third Edition. Crow Bvo. 6s. 
THE ROSE OF JOY. Second Edition. 
Crown Bvo. 6s. 
See also Shilling Novels. 

Htzpatalck (K.) the WEANS at 

ROWALLAN. Illustrated. Second Edi- 
tion, Crown Bvo. 6s. 

ntzBtephen (Ctorald). MORE KIN 

THAN KIND. Crown Bvo. 6s. 

netcher (J. S.). LUCIAN THE 

DREAMER. CrownBvo. 6s. 
Fraser (Mrs. Hugh), Author of The Stolen 

Emperor.' THE SLAKING OF THE 

SWORD. Crown Bvo. 6s. 
♦THE SHADOW OF THE LORD. Crown 

Bvo, 6s. 
Gerard (Dorothea), Author of * Lady Bahy.' 

THE CONQUEST OF LONDON. 

Second Edition. Cro7vnBvo. 6s. 
HOLY MATRIMONY. Second Edition. 

CroTvn Bvo. 6s. 
MADE OF MONEY. Crtmrn Bvo. 6s. 
THE BRIDGE OF LIFE. CrtnvnBvo. 6s. 
*THE IMPROBABLE IDYLL. Crown 

Bvo. Cs. 
See also Shilling Novels. 

Cterard (Emily). THE HERONS' 

TOWER. CrownBvo. 6s. 
GiSSing (George), Author of 'Demos,' 'In 
the Year of Jubilee,' etc. THE TOWN 
TRAVELLER. Second Edition, Crtnvn 
Bvo. 6s. 
See also Shilling Novels. 

Gleig (CJharles). BUNTER'S CRUISE. 

Illustrated. Crown Bvo. y. 6d. 

Harrod(F.) (Franoes Forbes Bobertson). 

THE TAMING OF THE BRUTE. Crvwn 

Bvo, 6s. 



Herbertson (Agnes G.). patience 

DEAN. Crown Bvo. 6s. 

Hichens (Robert). THE PROPHET OF 

BERKELEY SQUARE. Second Edition. 
Crown Bvo, 6s. 

TONGUES OF CONSCIENCE. Second 
Edition. Crown Bvo, 6s. 

FELIX. Fourth Edition. CrozvnBvo, 6s, 

THE \yOMAN WITH THE FAN. Sixth 
Edition. Crown Bvo, 6s, 

BYEWAYS. Crown Bvo. v. 6d. 

THE GARDEN OF ALLAH. Eleventh 
Edition. Crown Bvo. 6s. 

THE BLACK SPANIEL. Crvwn Bvo. 6s. 

Hobbes (John Oliver), Author of * Robert 
Orange.' THE SERIOUS WOOING. 
Crown Bvo. 6s. 

Hope (Anthony). THE GOD IN THE 
Car. Tenth Edition, Crozun Btvo, 6t. 

'A very remarkable book, deserving of 
critical analysis impossible within our limit; 
brilliant, but not superficial ; well considered, 
but not elaborated ; constructed with the 
proverbial art that conceals, but 3^t allows 
Itself to be enjoyed by readers to whom fine 
literary method is a keen pleasure.'— Tli^ 
JVorid. 

A CHANGE OF AIR. Sixth Edition, 
Crown Bvo. 6s. 

'A graceful, vivacious comedy, true to 
human nature. The characters are traced 
with a masterly hand.' — Ttntes. 

A MAN OF MARK. Fifth Edition, Crown 
Bvo. 6s. 

< Of all Mr. Hope's books, "A Man of 
Mark" is the one which best compares with 
"The Prisoner of ZendtL." ' -- Naiional 
Observer, 

THE CHRONICLES OF COUNT AN- 
TONIO. Seventh Edition. CroztmBvo, 6s, 
'It is a perfectly enchanting story of love 
and chivalry, and pure romance. The 
Count is the most constant, desperate, and 
modest and tender of lovers, a peerless 
gentleman, an intrepid fighter, a fiutblul 
friend, and a magnanimous foe.' — Gwtrdiem, 

PHROSO. Illustrated by H. R. Millar. 
Sixth Edition, CrownBvo, 6s, 

' The tale is thoroughly fresh, quick with 
vitality, stirring the hlood.'— St. Jeuno^s 
Gazette. 

SIMON DALE. Illustrated. Sixth Edition, 
Crown Bvo.^ 6s. 

'There is searching analysis of human 
nature, with a most ingeniously con- 
structed plot. ^ Mr. Hope has drawn the 
contrasts of his women with marvellous 
subtlety and delicacy.' — Times. 

THE KING'S MIRROR. Fourth Edition, 
Crown Bvo. 6s, 

' In elegance, delicacy, and tact it ranks 
with the best of his novels, while in the 
wide range of its portndture and the subdlty 
of its analjrsis it surpasses all hit — *'" 
ventures. —Spectator* 
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QUISANTE. F&tirtk Edition, CrvwH Bv». 
6s. 

^ 'The book is notahle for a very high 
literary quality, and an imprest of power and 
mastery on erery paee.' — Dai/v CHronicl*, 

THE DOLLY DIALOGUES. Croum 890. 



fiS. 



Stcond 



A SERVANT OF THE PUBLIC 
Edition. Crawm Zvo, 6f . 

Hope (Graham), Author of ' A Caniinal and 
hu Conscience/ etc., etc THE LADY 
OF LYTK. Second Eli. Crown Bvo. 6*. 

Hoiuii (Emenoii). the Mississippi 

BUBBLE. Illustrated. CrotanZrHf. 6s. 

Honaman (demenoe). aglovale de 

GAL IS. Crown Bvo, fix, 

Hyne (0. J. CutdlffeX Author of 'Captain 
Kettle.' MR. HORROCKS, PtJKSER. 
Tkird Edition, Crown ^'O. 6s, 

Jacob! (W. W.\ MANY CARGOES. 
Tw*nty.Siventk Edition, Crown Bvo. 
y, 6d, 

^KK URCHINS. Eleventh Edition. Crown 
8r«. 3f. (id. 

A MASTER OF CRAFT. Illustrated. Sixth 
Edition. Crown 2xfo, 3s. 6d. 

'Can be unreservedly recommended to all 
who have not lost their appetite for whole- 
some lAUffhtcT.'—Spectator, 

'The best humorous book published for 
many a day. ' — Black and It^htte. 

LIGHT FREIGHTS. Illustrated. Fourth 
Edition. ^ Crown ivo, 31. 6d, 
^ 'His wit and humour are perfectly irre- 
sistible. Mr. Jacobs writes of skippers, and 
mates, and seamen, and his crew are the 
jolliest lot that ever sailed.' — Daify News, 
* Laughter in everyjiaue,'— /^aif> A/aiL 

Jamei (Henry), the aoFT side. Second 

Edition. Crown Zvo, 6s. 
THE BETTER SORT. Crown Zvo. 6s. 
THE AMBASSADORS. Second Edition. 

Crown Sruf. 6s, 
THE GOLDEN BOWL. Third Edition. 

Crown Svo. 6s, 

Janaoii (Giutaf). ABRAHAM'S sacri- 
fice. Crown 8r>o. 6s. 

KeasTB (H. A. mtolielix he that 

EATETH BREAD WITH ME. Crown 
Bvo, 6s. 

Langbrldge (V.) and Bourne (C. 

Harold). THE VALLEY OF IN- 
HERITANCE. Crown Si'o. 6s. 

LawlBBSCHon. Emily). Sec shilling Novels. 

LaWBOn (Harry), Author of 'When the 
Billy BoiU.' CHILDREN OF THE 
BUSH. Crown Zvo. 6s. 

Le Qneux (W.). THE HUNCHBACK OF 
WESTMINSTER. Third Edition, Crown 
BzHf, 6s. 

THE CLOSED BOOK. Third Edition. 
Crown Bvo. 6s. 

THE VALLEY OF THE SHADOW. 
Illustrated. Third Edition, Crown Bvn. 
6$, 



BEHIND THE THRONE. CfMMSM. 61. 
Levett-TeatS (B.X ORRAIN. Stcmid 

Edition. Crown 8cw. 6t, 
Untom (B. I^im). THE TRUE HISTORY 

OF JOSHUADAVIDSON.airistiaiiaDd 

Communist. Tmel/ih Ediitom, Modimm 

Bvo. 6d. 
Long (J. LntberX Co- Author of 'The 

Darline of the God&' MADAME 

BUTTERFLY. CrownBtfO. 3M.6d. 
SIXTY JANE. CrownBtw. 6f. 
Lyall (BdnaX DERRICK VAUGHAM. 

NOVELIST, iand ThonuuuL Cr. Urn. 

M'Carthy (JuaUn &). Author of ' If 1 weic 
King.' THE LADY OF LOYALTY 
HOUSE. Third Editiom. Crwmtt Bbwl 
fir. 

THE DRYAD. SecoudEdHiom. Comwndm. 
6s, 

Maonanjditan(8.> THE FORTUNE OF 

CHRISTINA MACNAB. Third EdiUmL 

Crown Bvo. 6s, 
MaletCLoOMX COLONEL ENDERBTS 

WIFE. Third Edition. CrvmsScw. fib 
A COUNSEL OF PERFECTION. Nem 

Edition. Crown Btfo. 6s. 
LITTLE PETER. SocondEditiom. Crwem 

8vA v. 6d, 
THE WAGES OF SIN. FomrUenikEdUiom. 

Crown B710. fix. 
THECARISSIMA. Fourth EdiHm. Crmm 

THE GATELESS BARRIER. FourtkEdi- 
tion. Crown %uo, 6u 

'In "Ths Gateless Barrier" itb at once 
evident thatt whilst Lucas Bfalet haa pre- 
served her birthright of originaUty, the 
artbtry, the actual wridn^ is abow civca 
the hiEh level of the books that were bom 
htiosf^?— Westminster GmMetit. 

THE HISTORY OF SIR RICHARD 
CALMADY. Seventh Edition, 

' A picture finely and amply oonodrad. 
In the strength and ^insight in which the 
story has been cononved, in the wealth of 
fancy and reflection bestowed^ upon Uscz^ 
cution, and in the moving sinceHty of lu 
pathos throughout, " Sir Richard Cuinaidy'* 
must rank as the great novel of a gmt 
writer. ' — Uterature, 

* The ripest fruit of Lucas Malet's genins. 
A picture of maternal love by tarns tendbr 
ana terrible.'— ^/e^/a/^r. 

'A remarkably fine book, «^th a noUe 
motive and a sound conclusion.' — Piiot, 

Mann (Mra. M. B.). OLIVIA'S SUMMER. 
Second Edition. Crown Boo, 6k, 

A LOST ESTATE. A New EdiHom. 
Crown 9vo, 6s. 

THE PARISH OF HILBY. A NewEdUim. 
Crown Svo. 6s. 

THE PARISH NURSE 
Crown Bvo. 6t, 

GRAN'MA'S JANE CroumBoo. 6u 
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MRS. PETER HOWARD. Crown 9vo. 6s. 
A WINTER'S TALE. A New Edition. 

Crown Svo, 6s. 
©NE ANOTHER'S BURDENS. A New 

Edition, Crorvn 8vo. 6s. 

See also Books for Boys and Girls. 
Marriott (Chaxles), Author of *The 

Column/ GENEVRA. Second Edition. 

Cr. Svo. 6s. 

Marsh (Riciiard). the Twickenham 

PEERAGE. Second Edition. CrownZvo. 

6s. 
A DUEL. Crown Svo. 6s. 
THE MARQUIS OF PUTNEY. Crown 

Bvo. 6s. 
See also Shilling Novels. 
Mason (A. E. W.). Author of ' The Courtship 

of Morrice Buckler,' 'Miranda of the Bal- 
cony,' etc. CLEMENTINA. Illustrated. 

Crown Svo. Second Edition. 6s. 
Mathers (Helen), Author of ' Comin' thro' 

the Rye.' HONEY. Fourth Edition. 

Crown Svo. 6s. 
GRIFF OF GRIFFITHSCOURT. Crown 

Bvo. 6s. 
THE FERRYMAN. Crown Svo. 6s. 
Maxwell (W. B.), Author of ' The Ragged 

Messenger.' VIVIEN. TAird Edition. 

Crown Svo. 6s. 
Meade (L. T.). DRIFT. Second Edition. 

Crown Bvo. 6s. 
RESURGAM. Crtnvn Svo. 6s, 
See also Shilling Novels. 

Meredith QEllis). HEART OF MY 

HEART. CrownBvo. 6s. 
'Miss Molly • (The Author of). THE 
GREAT RECONCILER. Crown Svo. 6s. 

Mitford (Bertram). THE SIGN OF THE 

SPIDER. Illustrated. Sixth Edition. 

Crown Svo. 3J. 6d, 
IN THE WHIRL OF THE RISING. 

Third Edition. Crown Svo. 6s. 
THE RED DERELICT. Second Edition. 

Crown Svo, 6s. 
Montresor (F. F.), Author of 'Into the 

Highways and Hedges.* THE ALIEN. 

Third Edition. Crown Svo. 6s. 

Morrison (Arthur). TALES OF MEAN 

STREETS. Sixth Edition. CrownBvo. 6s. 
* A great book. The author's method is 
amazingly effective, and produces a thrilling 
sense of reality. The writer lays upon us a 
master hand. The book is simply appalling 
and irresistible in its interest. It is humor- 
ous also ; without humour it would not make 
the mark it is certain to make.' — World. 

ACHILDOFTHEJAGO. Fourth Edition. 
Crown Bvo. 6s. 

*The book is a masierpiect.*— -Pali Afali 
Gazette. 

TO LONDON TOWN. Second Edition. 
Crown Bvo, 6s. 

'This 18 the new Mr. Arthur Morrison, 
gracious and tender, sympathetic ana 
huTMn.'— Daily Telegraph. 



CUNNING MURRELL. Crown^axK 6s. 
'Admirable. . . . Delightful humorous 
relief ... a most ardstic and satisfactory 
achievement.' — Spectator. 
THE HOLE IN THE WALL. Third Edi^ 
tion, CrownBvo, 6s, 

'A masterpiece of artistic realism. It has 
a finality 01 touch that only a master may 
command.' — Daily Chronicle. 

'An absolute masterpiece, which any 
novelist might be proud to claim.'— (PnxMtVr. 
'"The Hole in the Wall" is a masterly 
piece of work. His characters are drawn 
with amazing skill. Extraordinary power.' 
—Daily TeU^aph. 
DIVERS VANITIES. Crown Bvo. 6s. 
Nesbit (E.). (Mrs. E. Bland). THE RED 
HOUSE. Illustrated. Fourth Edition. 
Crown Svo, 6s. 
See also Shilling Novels. 
NorriS (W. E.X THE CREDIT OF THE 
COUNTY. Illustrated. Second Edition, 
CroTvn Bvo. 6s. 
THE EMBARRASSING ORPHAN. Crown 

Bvo. 6s. 
NIGEL'S VOCATION. CrovmBtfo. 6s. 
BARHAM OF BELTANA. Second Editi<m, 
Crown Bvo, 6s, 
See also Shilling Novels. 

Ollivant (Alfred). OWD BOB, THE 
GREY DOG OF KENMUIR. Eighth 
Edition. Crown Bvo. 6s. 

Oppenheim (E. PhilllpsX MASTER OF 

MEN. Third Edition. CrownBvo. 6s. 
Ozenham (JohnX Author of 'Barbe of 

Grand Bayou. ' A WEAVER OF WEBS. 

Second Edition. Crown Bvo. 6s. 
THE GATE OF THE DESERT. Fourth 

Edition. Crown Bvo. 6s. 

Pain (Barry). THREE FANTASIES. 

Crown Bvo. is. 
LINDLEY KAYS. Third Edition. Crown 
Bvo. 6s. 

Parker (OilhertX PIERRE AND HIS 

PEOPLE. Sixth Edition. 
'Stories happily conceived and finely 

executed. There is strength and genius 

in Mr. Parker's style.' —Daily Telegraph, 
MRS. FALCHION. Fifth Edition. Crown 

Bvo. 6s. 
'A splendid study of character.' — 

Athentruni. 
THE TRANSLATION OF A SAVAGK 

Second Edition. Cro7un Bvo. 6s. 
THE TRAIL OF THE SWORD. Illus- 
trated. Eighth Edition. Crown Bivo. 6s. 
'A rousing and dramatic tale. A book 

like this is a joy inexpressible.' — Daily 

Chronicle. 
WHEN VALMOND CAME TO PONTIAC : 

The Story of a Lost Napoleon. Fi/ik 

Edition, Crown Bivo, 6s, 
^ *Here we find ronuuu.9— real, breatbing. 

living romance. The character of ValmoM 

is drawn nactnagly.*— Pall Af all GsustU, 



Messrs. Met h pew's Catalogue 



BRENDLE. CnoM 
■&' Avixt M 'Of* 
T*rlliTK WOLF. : 




f C/ TMK LAVUBTTES. 

*lMi9n>4aubM,Miil>d«T>«liHn'lMii« 
I jf fc*— iM, ihu, attm.ll»tf»y»a Ig. 

VMBbmoa (KuA thk rooTsTRf^ 

L -or A TincOKB. Illiuoauil. n/n/ 

B CROWN TlfKK XtNC Vnih lllnun- 
r Kan by rmnli D*M uul A FurMtifl 

nblpott* (BdWU. LYING PROPHEI^ 

llailLDR^^K^Iint MIST, rffl* EJi- 



.IBR RVHAK nOV. Wbh ■ 

I 'H(. i^tiiotn knowi • 
•cbsnl'Inr* (Ca. uh| cu In 



•3i„ 



I ^m«dmi vna of hi 
BONH OP THE 1 
KOillta. Cn«*8an ^: 

! thnimrfttl. 

iTUK RtVKR. TMrit EMIit.. O. 9t* &. 
►- ""Thi Rivn" jtucta M>. Phiilpniu in 

Ih< Innt nnk oFlinng odveIuU. '— Ahk^, 
'^IpM "Lvnia Hoone" we baira had 

imhinimpkinrHaiicasr ' 

—MrmimJKam CawclU. 
' 'Mr. Phillupiu'i ii™' 
F pw« wbidi IningK hii 

trml rHik of kagliih 






iVHE SKCRET woman. FimtIA liditii 
;KN0CK AT A VENTURE. Jkoi 



1 



TIU PMMCR or USNOVl^R. 

Bhy* (Omm) and AsMMr. TfiS di- 

I^BkrKPVll.LACk. Wl* f 
kr Uonaniv Owot Jgrnm 

EUga (ir. letU. LOST pBon 

-Va-m^ AVi'iM. C*i*>w hvL 61. 
ERB. Sia-jl EaUitit. CmmOB*. < 
A SON OF THK SFATB, C>** 

y-M. 
A URBAKIER OF LAWS. Ctm 

V. U. 
MRS GALBEfS BUSINESS. 

EdiliKt. CnmSrK et. 
SECRKTARV TQ BAVNe, M.P. 

«». iM.M. 

UMbie <Un. Da.Tld 0.1 

FUI. I.IAK. Crrr. '■ 

Roberta (D. C. D. 

THE Aijr--"" 



'ft*ipi« s&p- ck- 



lUS ISIAMD PRINCSSS. tfaUaW 
Stcana E^UoH. Crtwaten Sl 
See abo ShUUnz Nenln. 
SeTC«Hat (AOelllW). ANTHEA-S WAT 

CrvuM&ua. (a. 
THIC PROGRESS OF RACBEE. Ciw 

THE MYSTERY or THE MOAT. H*^ 



CIT- P.). TKK MESS O&QC 

5« nlw Shiilina Novels. 
SonnlDbaffiKAltMrl). DEBpsKA VAGA- 
nONDS. Cvramiae. «(. 

LiiFErC'WN B.W, fa. 
ITrauliart (U,) A TRAGEDY tN OOII> 
MC "" " ' -■ " - - 



HONI'LACE. Jaimu 
Walnemaa (Paul). 



THE EONG'oF''r^ FOREST, Clnn 
etv. lit. See aUnShilling Novel.. 

WfttMm (B. B. Hanietu AlJUtDlB 



TWISTED EGLANTINE. Willi t Til* 
liuioaibyFiiANliCBAiQ. ScreiU BidH^ 
CrrwnlBi. fii. SeeslnShillhig NoiA 

Well* (H. O.) THE SEA LAST. Crttm 



